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I N T R 0 D U C T I 0 N 
INTRODUCTION 
The theory of the chemical bond, particularly in 
compounds where the bonds are neither purely electrovalent 
nor purely covalent, has in recent years received a great 
deal of attention. Of the oxy-acids which can form ionic 
as well as covalent compounds, perchloric acid and sulphuric 
acid are of special interest because of the electronic 
symmetry and the stability of their anions, While compounds 
of the elements of group IV, in the divalent state, are 
known to be ionic, the exact nature of the bonds formed by 
these elements in the tetravalent state in their oxy-salts 
has as yet not been ascertained. It would, therefore, be 
of interest to review the perchlorates and sulphates of 
that group. 
Group IVa - Titanium. 
Numerous sulphates of titanium both in the 
trivalent and tetravalent states are known. A sulphate of 
divalent titanium, Tiso4 , has been reported(
1 ) but its 
existence has since been questioned( 2). 
Hydrated tetravalent titanium sulphates of the 
form Ti(so4)2 ,nH2o have been crystallised with three(G), 
four(7) and nine(B) molecules of water, but the only way in 
which anhydrous titanic sulphate has been prepared in a 
crystalline( •.• 
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crystalline form, is by reaction of titanic chloride and 
sulphur trioxide in sulphuryl chloride(5), according to 
the reaction 
TiC14 + 6803 - Ti( 804) 2 + 28 2o5cl2 
Whereas the preparation of simple titanic sulphate 
requires carefully controlled conditions, acid and basic 
sulphates are much easier to obtain. Thus, the acid salt, 
2Ti0 2 ,38o3
,3H2o, crystallises from a solution of titanium 
oxide in sulphuric acid at 120°C. Above 225°C. this 
solution yields crystals of the basic salt Ti08o
4
(9). 
Another acid salt easily prepared is Ti(8o
4
) 2 ,H28o4,4H20, 
which can be obtained by decomposing nitrous titanium 
compounds with 50% sulphuric acid( 3 ). 
In addition to the basic titanyl sulphate, 
Ti08o
4
,already referred to, and its hydrated forms containing 
one( 1o ), two(9) and five( 11 ) molecules of water, other salts 
with widely differing ratios of titanic oxide to sulphur 
trioxide to water have been prepared. 
Ionic titanium sulphates with the titanium atom 








12). Because these sulphato-titanates contain 
6-covalent titanium they fall outside the scope of this review. 
Titanyl perchlorate, TiO(Clo4) 2nH 2o is the only 
titanium perchlorate that has been prepared( 13). It was 
obtaineq/ ... 
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obtained by fuming titanic chloride with perchloric acid. 
The resulting solution was concentrated in vacuo until 
colourless hexagonal plates crystallised. When this salt 
was treated with an equimolecular quantity of hydrogen 
peroxide and then dehydrated in vacuo over phosphorus 
pentoxide for several days, it yielded a peroxide addition 
. ( 13) compound, Tl0(Clo4) 2 ,H2o2 • Both the original salt ·and 
its peroxide complex were very easily hydrolysed. 
I 
Zirconium. 
Since the lower valency states of zirconium are 
much less stable than those of titanium, only simple 
compounds of di- and trivalent zirconium have been prepared, 
namely, the chlorides( 14), the bromides( 1 5) and the iodides<16). 
The simple anhydrous sulphate, Zr(so4)2 , can be 
obtained as a white powder when zirconium dioxide or zirconyl 
chloride is fumed with concentrated sulphuric acid, but the 
product always contains excess sulphuric acid('17). When 
the sulphate thus formed is dissolved in dilute sulphuric 
acid, hydrated zirconium sulphate crystallises. The 
product, though corresponding to a f ormula of Zr(so4) 2,4H2o 
is considered to be H2 [0=Zr(so4)2 ]3H2o since, on electrolysis, 
the zirconium migrates to the anode( 18). Its proposed 




Various acid salts crystallise from a solution of 
zirconium sulphate in which the sulphur trioxide content 
exceeds 64%. Thus, between 64 and 72% sulphur trioxide 
Zr(so4~,H2so4 ,2H2o is obtained as well-defined crystals; 
with 72 to 79% sulphur trioxide, fine crystals of 
Zr(so4)2~2so4 ,H2o can be obtained, but when the sulphur 
trioxide exceeds 79% an amorphous pow~er of indefinite 
( ) . .· (19) composition approximating to Zr so4 2,H2so4 settles out • 
Basic zirconium sulphates can be obtained from 
dilute aqueous solutions. When k~pt at 40°C. a basic salt, 
7Zro2 ,sso3
,3o H20, forms as fine needles. Dialysis of the 
( 19) sulphate solution yields a basic salt 2Zro2 ,so3
,7H2o • 
Sulphato-zirconates of the form K4[Zr(so4)4 JnH2o and 
(NH4)2[Zr(so4)3 ]3H2o are relatively well-established salts, 
whose structures compare with the corresponding sulphate-
titanates. 
The perchlorates of zirconium which have been 
reported are:-
(i) ZrO(Clo4)2 , which is obtained by dissolving 
freshly precipitated zirconium hydroxide in dilute perchloric 
acid( 20 ), 
(ii) ZrO(OH) 2 ,9ZrO(Cl04) 2 , which is soluble in 
alcohol, ether and benzene, but which is decomposed by 
water( 21 ), and 
(iii)/ ••• 
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(iii) 4ZrO(Clo4 ) 2HCl04
, which is water soluble and, 
as it is not easily hydrolysed, can be crystallised from 
aqueous solution. 
Hafnium. 
The marked similarity between the chemistry of 
hafnium and zirconium is largely due to the similarity in 
/ 
size of both the atom (1.48~) and the ion {0.87~). Hafnium, 
however, is somewhat more basic thEm zir6ofiium·. Raman 
spectra have shown that in aqueous solution the hafnyl ion, 
Hfo 2 ·· forms very readily(
22). 
Anhydrous hafnium sulphate, Hf(so4) 2 , can be 
prepared by heating hafnium compounds to fumes with 
concentrated sulphuric aciJ 23) but the compound formed is 
invariably contaminated by excess acid( 24). When the 
solution is treated with sulphuric acid, the solubility of 
the salt decreases, but when the sulphur trioxide content 
exceeds 6o% the solubility increases owing to the formation 
of H2 [Hf(so4
)3 ] or H2[HfO(so4) 2 ](
25). Use is made of the 
increased solubility of hafnium in concentrated sulphuric 
' acid to effect separation from zirconium. From solutions 
of hafnium sulphate, Hf(so4) 24H2o may be formed(
26). When 
the solution is left to stand, a basic salt 4Hfo 2 ,3S0314H2o 
forms( 25). 




Thorium, the most basic of the group IV elements, 
forms simple ionic salts of which the sulphate, Th(so4)2 , 
is a typical example. From aqueous solutions various 
hydrates c ontaining two, four, six, eight and nine molecules 
of water may be crystal1lsed( 27), It is remarkable that 
the sulphate requires a long period of time to establish 
equilibrium between the crystalline and dissolved states. 
This probably accounts for the fact that the hydrates 
(Th(so4)26H2o and Th(so4)28H2o can readily be crystallised 
even though they are both metastable for all ranges of 
temperature. 
Double sulphates, sulphato-thorates, of the form 
M2 [Th(so4)3 ] can be obtained with rubidium, caesium and 




]( 28 ? 29), 
The only thorium perchlorate that has been 
prepared is Th(Clo4)4nH 2o. Cleve(30) claims to have 
obtained this hydrate, of unknown composition, in the form 
of an hygroscopic solid. 
Gr oup IVb - Carbon, 
The simplest sulphato compounds of carbon are the 
sulphonic acids, which are substituted derivatives of 
sulphuriq/ •.. 
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sulphuric acid, and the sulphates, which are esters of 
organic alcohols. It is quite clear that these compounds 
differ basically from the inorganic type of salt usually 
referred to as "sulphates" and the inclusion of these 
organic compounds in a review of this kind is out of place. 
While a similar argument holds for most of the 
perchloro compounds, the preparation of a perchloro compound 
from carbon tet~achlo~ide is of special interest because the 
procedure that was used might be appliqable to the preparation 
of perchlorates of the other group IV elements. 
Trichloromethyl perchlorate, CC13C1o4 , was prepared 
from anhydrous carbon tetrachloride by reaction with 
anhydrous silver perchlorate in the presence of a small 
trace of hydrogen chloride as catalyst(31). The product 
was obtained by fractional distillation in vacuo at -80°d, 
and was found to be a colourless, freely mobile liquid 
solidifying at -55°C. Though stable at low temperatures, 
the liquid was found to decompose slowly at room temperature 
and explosively at higher temperatures. The presence of 
organic matter such as tap greases and solvents caused 
e~plosive decomposition, but cold solutions in carbon 
tetrachloride were stable. Because of the danger of 
explosion, the separation of trichloromethyl perchlorate from 
carbon tetrachloride was not carried to completion, about 
5 - 1o% carbon tetrachloride remaining. 
TheY ... 
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The analysis of the trichloromethyl perchlorate 
gave very unsatisfactory results. These results (table 1) 
show a marked deviation from those expected for a pure 
compound, even when undistilled carbon tetrachloride is 
allowed for. 
Table 1 
Composition of trichloromethyl perchlorate 
(From the paper by Birckenbach and Goubeau( 3i)) 
I I 
i c I Cl 0 j 
Theoretical I 5.51% I 65.11% 29.38% 
I 
I 
Experimental I 5.01% I 67. o6% 27.78% i I 
I I i 
The high chlorine and low oxygen values are 
consistent with the presence of 5 - 7% of free oarbon 
tetrachloride as suggest e d by the authors. A contradiction 
arises, however, in the case of the carbon content. The low 
experimental value cannot be explained by the presence of 
carbon tetrachloride, since any unre acted material would 
raise the carbon content above the theoretical value. The 
authors tentatively suggested the formation of a diperchloro 
compound, CC12(Clo4)2 , but pointed out as well that the 
presence of such a compound would lead to a higher instead of 
a lower oxygen content. Consequently, there is some doubt 




No sulphate or perchlorate of silicon has been 
reported. 
Germanium. 
Although two series of germanium compounds exist 
in which the germanium atom can be divalent or tetravalent, 
no sulphate or perchlorate of divalent germanium has been 
prepared. 
The dissociation constant of germanic acid was 
found by Pugh to be slightly higher than that of silicic 
acid(3 2), but the solubility of germanium dioxide in sulphuric 
acid decreased with increasing concentration of acid. Even 
in 16N sulphuric acid (95%) the solubility was only 1.4 g. 
pe~ litre. It was therefore shown that germanic sulphate 
could not be formed in aqueous solution. Under anhydrous 
conditions Schwartz(33) prepared a sulphate, Ge(so4) 2Geo 2 , 
by treating germanium tetrachloride with sulphur trioxide. 
The product was, however, easily hydrolysed to germanium 
dioxide. 
After having failed to prepare germanium perchlorate 
f~om germanium dioxide and perchloric acid, ¢sterud and 
\ 
Prytz( 34) attempted t o obtain this compound by reaction 
between equivalent quantities of germanium tetrachloride and 
silver/ •.. 
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silver perchlo~ate. Germanium chloride was added to a 
solution of silver perchlorate in concentrated perchloric 
acid, but after the silver chloride precipitate had been 
filtered off, the filtrate gave no test for genmaniurn. 
A similar result was obtained when the silver perchlorate was 
dissolved in ethyl •alcohol instead of concentrated perchloric 
acid. It was concluded that the germanium h~d been removed 
with the silver chloride and that no germanium perchlorate 
had been prepared. 
A further attempt at preparing the perchlorate was 
made by heating concentrated perchloric acid and germanium 
tetrachloride for several hours in a sealed tube at 190°0.(34). 
Aft er 3 - 4 hours at this temperature a white coating, which 
contained germanium, ~ad formed in the tube. When the 
tubes were cut open a gas that smelt of chlorine escaped. 
The residual yellow :'.iquid was left to crystallise and 
yielded rhombic crystals which, when dissolved in perchloric 
acid, gave spot tes:s for germanium. Since hypochlorites 
and chlorites are w1stable and since chlorates usually form 
monoclinic crystali3, the authors claimed that they had 
pre -pare d germanium perchlorate. The low yield was attributed 
to "the small tendency (of germanium) to form polar bindings". 
The insufficiency of the claim made by ¢sterud 
and Prytz is obvious. Not only were no analyses carried out, 
but/ ..• 
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but the theoretical .explanation offered is vague~ It is 
clear that the authors expected an ionic perchlorate but 
since there is no theoretical reason why germanium perchlorate 
should be ionic, their explanation for the low yield is 
valueless. If , on the contrary, germanium perchlorate were 
' 
covalent, the low yield could most easily be explained by 
their use of polar, instearl of non-polar, soivents, the 
I 
presence of which could have interfered with the formation of 
a covalent compound. Their claim to have prepared germanium 
perchlorate, based, as it is , only on crystalline form, 
cannot be considered conclusive. 
Both series of tin salts, the divalent stannous 
series and the tetravalent stannic series, are more easily 
prepared and are more stable than the corresponding salts 
of germani urn. 
Stannie sulphate, Sn(so4) 22H2o, and the dihydroxy 
salt Sn( OH) 2so4 
have been crystalliaed(36 ,37). X-ray 
powder diagrams of the former have been made, but the exact 
s tructure of the salt has not been worked out. 
When freshly precipitated stannic oxide is 
dissolved in dilute sulphuric acid, the dihydrate can be 
obtained as colourless needles(35), the composition of which 
agree&! ... 
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agrees with the above formulation. Despite this evidence, 
Sidgwick(3S) claims that the sulphate exists as a solution 
of stannichydroxide in sulphuric acid, but cannot be 
isolated. It would appear that this author interprets the 
composition of stannic sulrhate and its corresponding 
dihydroxy derivative as Sr.o 2 ,2H2so4 and Sno2 ,H2so4 
respectively. Before an; finality on this controversial 
point can be arrived at, nore X-ray evidence Wi11 be required. 
In their studies of the polarographic reduction of 
tin, ¢sterud -and Prytz( 39) required a solution of stannic 
perchlorate. Since the re was no previous reference to this 
I 
compound, they had to devise their own synthesis. A solution 
of stannic chloride, aciUfied with dilute perchloric acid, 
was treated with the exa~t equivalent of silver perchlorate. 
When the silver chlorid~ was filtered off, the filtrate was 
sui table for their pur:p•,se. Without further experimentation 
and without any attempt at isolating the product, these 
authors claimed that t !:ey had prepared stannic perchlorate, 
which they formulated ~ s Sn(Clo4)4. In effect, however, all 
that ¢ sterud and Prytz were investigating was a solution 
containing equivalent ~oncentrations of perchlorate ions 
and stannic tin, so that their claim to have synthesized 
stannic perchlorate ia completely unfounded. 
Apart from the article mentioned above, there is 
no/ ... 
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no reference to a perchlorate of tetravalent tin. It must 
therefore be concluded that no stannic perchlorate has as 
yet been prepared. 
Lead. 
The most common lead salts are the divalent 
plumbous and the tetravalent p:umbic compounds. While an 
apparently monovalent sulphate, lead subsulphate, Pb2so4 , 
has been reported( 40) , it is f.oubtful whether the "monovalent" 
form was free from other lea~ impurities. Under such 
circumstances its composition must be open to doubt. 
Plumbic sulphate, Yb( so4) 2 , was reported by 
Brauner in 1894(46). The etsiest way to prepare this salt 
was by the electrolysis of ~bout 8o% sulphuric acid between 
lead electrodes. Using a current density of 2 - 6 amps 
per square decimeter the elsctrolysis was allowed to proceed 
for a considerable time at :·.',0°C. and finally for several 
When the ~olution was cooled, a yellowish 
crystcl.lline powder, Pb( so4 2 , separated. A colourless basic 
sulphate, Pb(OH) 2so4 , usua:ly formed as an intermediate and 
could be isolated. 
Plumbous perchlorate solutions may be obtained by 
dissolving metallic lead :n dilute perchloric acid(42). 
The hydrated lead perchlorate, .which is obtained as white 
needle EV' ••• 
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needles from a solution of lead oxide in perchloric acid, 
can be formulated as Pb(Clo4)23H 2o(43,44). A basic 
perchlorate, Pb(Clo4)2Pb0,2H 2o, has also been reported(45). 
No perchlorate of tetravalent lead has as yet been prepared. 
Summary. 
From the above review the foil-owing points emerge: 
(1) Though many basic and complex sulphates of the elements 
of group IVa have been prepared, the simplest sulphates 
of the form MlV(so4) 2 require special conditions for 
their preparation. 
(2) Except in the case of thorium, the sulphates, M1 v(so4)2 
are formed under conditions more favourable to the 
formation of covalent than ionic compounds. 
(3) In the tetravalen t state, the metals do not form 
simple ions. The exceptions are thorium and lead. 
Evidence for the exist ence of Th"""" abounds, while the 
presence of Pb"""" ions has been proved by the exchange 
of radioactive and inactive lead in acetic acid solutions 
of plumbic acetate. It had previously been shown that 
exchange in non-ionised plumbic compounds did not take 
place(47). Raman spectra of solutions of titanium, 
zirconium and hafnium sulphate suggest the ion [M 1 vO]"", 
while stannic ions are probably hydrated. Ionic 
germanic/ ... 
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germanic compounds containing the ion Ge'''• do not 
exist. 
(4) The chemistry of the sulphates is considerably better 
known than that of the perchlorates. 
( 5) Where perchlorates have been prepared, the salts are 
inva~iably complex. 
(6) In order to prepare perchl orates of group IV, conditions 
favouring the formation o~ covalent rather than ionic 
compounds should be chosen. 
Scope of the work. 
I n vi ew of the above ~onclusions, drawn from the 
comparati vc chemistry of the su :~ phates of the elements of 
group IV, and , to a l e ss9r exteLt, their perchlorates it was 
dectded to investigate the possible synthesis of the 
perchlorates of which so much lezs is known. The 
tetrachlorides of the elements of group IVb have typical 
covalent properties and are solu"ble in a large number of 
organic solvents. The chloride 0ould thus be used as 
star~ing material. As a source of the perchlorate radical, 
two possibilities exist, namely, anhydrous perchloric acid 
and anhydrous silver perchlorate. It was deemed inadvisable 
t c( • •• 
- 16 -
to use anhydrous perchloric acid, because not only the acid 
itself, but also its solutions in ether(45) and benzene(4B) 
are explosive; on the other hand, solutions of silver 
perchlorate in ether and benzene are stable(49 , 50 ) and can 
be used to prepare other perchlorates under anhydrous 
coDd.i tions. Work was consequently begun in an attempt to 
prepaPe the tetraperchlorates of the elements of group IV. 
Owing to the instability of covalent perchlorate 
compounds, it was decided to start the investigation with 
the more polar element - tin - in preference to silicon or 
germanium. The availability of stannic chloride and the 
explosive nature of lead tetrachloride(47) were additional 
factors influencing the choice of starting point. 
Thr>oughrmt this inv r-; sti gation, moisture had to 
b e complet e ly exelude tl. The presence of even traces of 
moisture int e :L•f ered with the re ection and very serious 
err'ors were o~served when quantitative measurements were 
t aken. As a result, special procedures had to be 
deve l oped for the preparati on of the driest stannic chloride, 
whjle the silver perchlorate had to be dehydrated by a 
ted1.ot.Ls procedure of prolonged heating at controlled 
temperatures and under the lowest possible pressures. 
Furthermore, the experiments had to be carried out in closed 
systems which had been carefully dried beforehand. Whenever 
aliquot s/ ... 
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aliquots of anhydrous solutions had to be drawn, elaborate 
precautions had to be taken to exclude atmospheric moisture; 
so that even simple operations became tasks requiring the 
utmost care. 
Apart from the danger of contamination by moisture, 
the experimental work was accompanied by a certain amount 
of ~ersonal risk. On several occasions -explosions occurred 
for no apparent reason. Consequently most of the experiments 
had to be conducted with small quantities of material and 
behind explosion screens, which hampered the operator and 
added to the difficulties of developing the necessary 
techniQueo. While the us~ of explosion screens lessened 
the clangel' of personal injury, such danger was not 
completely excluded, since certain operations, like 
weighing, could not conveniently be carried out behind 
Pcreens . 
The deve lopm3nt of the necessary techniques left 
no time foP the investigation of the reaction between silver 
pe i' ~'ll. }o r·ate and the chlorideH of the other elements of 
gro'.lp IV .. Consequently only the case of stannic chloride 
was dea lt with. 
The preparation of the reagents is described in 
Section A, Silver perchlorate was prepared from silver 
carbonate and perchloric acid by a method very similar to 
that/ •.. 
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that used by Hill(50). Anhydrous stannic chloride, 
commercial grade, waR available and this was purified by a 
modification of the distillation method used by Kabesb and 
Nyholm( 52). The purity of both reagents was confirmed by 
analysis. 
Before proceeding with the main investigation, 
attempts were made ~o prepare stannic perchlorate from 
stannic oxide and perchloric acid. These attempts showed 
that hydrated stan:.ic oxide was peptized to form an unstable 
sol in perchloric acid, but that no stannic perchlorate 
formed. This woPk is described in the first part of 
Section B. 
The remainder of Section B deals with the 
prel~minary inve ~tigations of the reaction between silver 
perchlorate and ztannic chloride in ether and in benzene. 
In both these so:vents, the results indicated that some 
reaction did takJ place, but more refined techniques were 
necessary to isolate and identify the main product. During 
the trial reaction in ether, the formation of the stannic 
chloride-ether complex, SnC14,2(C2H5) 2o, was confirmed. 
The ease with which perchlorates explode was demonstrated 
by an explosion which occurred in the trial reaction in 
benzene. This emphasized the need for caution in later 
experiments, which were accordingly carried out with small 
quantities of materials. 
Section C/ ... 
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Section C deals with the investigation of the 
reaction in benzene. In the introductory part of this 
section, Part 1, it was proved that under completely 
anhydrous conditions a precipitate of silver chloride formed 
when stannic chloride was added to a benzene solution of 
silver perchlorate. When centrifugation was used to 
separate the precipitate, the presence of a sec0nd liquid 
phase, black or dark brown in colour, was revealed. The 
elucidation of the composition of this liquid phase is 
discussed in Part 2 and forms the major part of this section, 
The investigations of the supernatant benzene phase, which 
contained unreacted stannic chloride or silver perchlorat e , 
and the precipitate, consisting almost entirely of silver 
chloride, are described in Part 3. Although evidence was 
obtained for the formation of organic compounds, these could 
not be isolated or identified. 
Analysis of the black liquid phase showed that its 
composition varied with the conditions under which it was 
prepared. It was found that when excess silver perchlorate 
was used in its preparation, the black liquid probably 
consisted of stannic perchlorate, benzene and unreacted 
silver perchlorate, but when excess stannic chloride was 
used, the black liquid phase probably contai ne d stannic 
perchlorate, benzene, perchloric acid and unreacted stannic 
chloride/ •.• 
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chloride. The presence of free perchloric acid was i nferred 
fr om analytical r esults and c orr c ~orated by the value of 
the refractive index of redistill -.d samples. lt was 
cons idere d likely that the explos1ve nature of the liquid 
wa s l ar gely due to the presence m:' mixtures of anhydrous 
(48) perchloric acid and benzene . Attempts to purify the 
black liquid and to separate the stannic perchlorate proved 
unsuccessful. 
As a result of the failure of the direct approach, 
att empts were made t ., i nfer the nature of the main r eacti on 
pr oducts from the quantities of the reagents use d in the 
r eaction. · This work is discussed in Part 4. A series of 
experiments showed that the "reaction rati o "~ i. e . the number 
of moles of silver perchlorate that react ed per mole of 
stannic chloride, varied with the "initi a l r a tio", i.e. the 
number of moles of silver perchlorat e added per mole of 
st annic chloride, but it was deduced that f or stochiometric 
quantities, initi a l r at io = 4, the ma in products were st annic 
perchlor ate and silver chloride . P erchloric acid, f ound 
only when the initi a l r a tio was less than 4, was pr obably 
f ormed by a side reacti on involving benzene. All the 
r esults of the reaction in benzene ar e sWTh~arised in Part 5. 
Section D de a ls with the investigation of the 
reaction between stannic chloride and silver perchlorate in 
ether/ ... 
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ether. As the preliminary investigation showed that silver 
perchlorate was quantitatively converted to silver chloride, 
an apparatus was assembled to investigate the reaction and 
to separate the tin compound formed, In addition, attempts 
were made to separate the silver chloride quantitatively. 
The investigation showed that stannic perchlor~te was 
probably the main reaction product and that subsequently 
reaction with ether led to decomposition and the formation 
of free perchloric acid. 
As the presence of solvents complicated the 
over-all reaction, it was decided to investigate the 
heterogeneous reaction between stannic chloride vapour and 
solid silver perchlorate. This investigation is reported 
in Section E. Stannic chloride vapour was distilled 
through a plug of solid silver perchlorate, whereupon it 
was found that reaction took place on the surface of the 
solid. The volatile materials were separated and 
fractionated with a small temperature difference between 
the distillation and receiver bulbs. This technique led 
to the isolation of small samples of pure stannic 
perchlorate as easily volatile, colourless needle-like 




For the Lek~ of continuity, Section F, dealing 
with the analytical procedures used during the investigation, 
is relegated to the end. Silver and tin were usually 
aualysed by the sulphide method, but, for the micro-
determination of tin, a polarographic method was used. 
Perchlorates were determined by reduction with titanous 
sulphate and chlorides by the Volhard titration method. 
A microdiffusion method for the determination 
of perchlorate was developed, similar to that used for the 
determination of chloride. Although certain difficulti es 
in the procedure remain to be solved, the method could be 
relied upon to give results with an accuracy of bett er 
than 2%. 
SECTION A 
PREPARATION OF THE REAGENTS 
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PREPARATIO N OF THE REAGENTS 
The preparation of silver perchl9rate. 
Anhydrous silver perchlorate was prepared by a 
method very similar to that used by Hill( 50 ). A solution 
of 60% perchloric acid 9 fre e fr om chloride an d sulphate, and 
dilut ed with distilled water was neutra lized with exce ss 
silver carbonate . The undissolved silver carbonate was 
filt er e d off and the solution was evaporated to dryness. 
The crude silver perchlorat e was dissolved in 
water and decomposed with a sli ght exce ss of sodium hydroxide 
s olution. The precipitat ed silver oxide was thoroughly 
washe d t o remove alkali and perchlorat e s and aft e r having 
been dri e d at 11 0°C., it was dissolved in perchloric acid. 
A slight defici ency of acid was used t o ensure complete 
absence of fr ee acid i n the final product. The undissolved 
silver oxide was filt er ed off and the solution was concen-
tr~t e d by evapora tion until crystallisation start ed. The 
crystals wer e filt er e d off and dried by heating in a wat er-
bath at 100°C. under a r educe d pressure of 15 mm. until most 
of the moisture had been r emove d. It was ne ce ssary to keep 
the salt at a t emperature above 43°C. to de compose the 
hydrat e , AgClo4 ,H2o(5
1). The pressure was reduce d to 
0 .1 mm. and heating was continued for s everal hours. Final 
dehydration/ ... 
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dehydration was achieved by heating, in vacuo, in a glycerol 
bath at 120°C. for 15 hours. 
The pure silver perchlorate formed the stock from 
which samples were drawn as r equir ed. Each sample was then 
store d in a vacuum desiccator over phosphorus pentoxide for 
s everal days and analyse d before use. The substance is 
exce edingly hygroscopic, but when proper precautions were 
taken to exclude moisture during the weighing of the sample, 
the preparation was shown by analysis to be pure. 
Differ ent methods of analysis were used to check 
the purity of the silver pe rchlorate. The methods used 
are given in Section F and the r e sults obtained are tabulated 
in table 15, page s 139 and 140. 
The preparation of stannic chloride. 
The st annic chloride that was available was 
anhydrous, commercial grade , as supplied by the British Drug 
House s. It contained hydrogen chloride and moisture as 
impuriti e s. 
The r emoval of the hydrogen chloride presente d no 
difficulty. At - 80 °C. hydrogen chloride is still gaseous, 
while stannic chloride is a solid with a low vapour pressure. 
When a sample of stannic chloride was cooled in a mixture of 




could be pumped off, leaving the stannic chloride free 
from this contaminant. 
The moisture could not be removed in as simple 
a manner. For the early investigations it was sufficient 
\ 
to distil about two-thirds of the sample or stannic chloride, 
the residual third, which contained the mo~sture, being 
discarded. In later experiments, when it was essential to 
use only the driest product, the last traces of moisture 
were removed by a modification of the method used by Kabesh 
and Nyholm( 52). 
The apparatus used is shown in figure 1. Stannic 
chloride was introduced into bulb A and, after a relatively 
large amount of phosphorus pentoxide had been added, the 
wide neck at the top of the bulb was sealed off. After the 
hydrogen chloride had been removed by pumping at -80°C., the 
bulb was evacuated through B to 10-5 mm. pressure and sealed 
off. The mixture was then heated at 100°C. for several 
hours, during which time the moisture was fixed by the 
phosphorus pentoxide. Heating the closed system was not 
dangerous, since at this temperature the vapour pressure of 
stannic chloride is only some 600 mm. After two days the 
sealed tube was again heated. When the contents had cooled 
the stannic chloride was ready for distillation. 




to bulb A through a capillary s eal 9 C, which could be broken 
by a steel ball, controlled magnetically. 
-6 The apparatus was evacuated to 5 x 10 mm. pressure 
and sealed off at the constriction at D. With bulb E cooled 
in a liquid air bath the capillary, C, was broken by the steel 
ball, while A was kept at about -10°C. The distillation 
from A to E was allowed to proceed for only two minutes, 
during which time the more volatile materials including ·last 
trace s of hydrogen chloride as well as some stannic chloride 
condensed in E. This fraction was sealed off and discarded. 
The liquid air bath was transferred to the first of the bulbs, 
F, and, when about 8o% of the stannic chloride from A had 
distilled, the bulb was ~eale d off at the constriction. 
About two-thirds of the liquid was distilled into 
the s e cond bulb, aft er which the first bulb was sealed off. 
The proce ss was r epeat e d fr om the s e cond to the third, and 
fr om the third t o the fourth bulb, which contained the 
purest stannic chloride and from which about 1 c.c. was 
distilled into each of the capillary tubes, G. The capillary 
tube s wer e s ealed off and stored for future use. The sample 
collect e d in the last capillary, which was most likely to 
contain impuriti e s was used for analysis. The analytical 
methods are describe d in Section F and the r e sults are 
tabulat ed in table 16, page 141. 
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PRELIMINN~Y INVESTIGATIONS 
Trial reaction between stannic oxide and perchloric acid. 
The absence of references to stannic perchlorate 
seemed to indicate that the preparation of this compound 
could not be carried out by the simple reaction between 
stannic oxide and aqueous perchloric acid. It was O.ecided, 
however, to investigate this reaction qualitatively before 
proceeding with the investigation of the reaction between 
stannic chloride and silver perchlorate. 
Freshly precipitated stannic oxide appeared to 
dissolve in excess aqueous perchloric acid. The resulting 
colloidal solution was carefully evaporated but no crystalline 
product was obtained. A sample of the acid solution, which 
was left to stand overnight, yielded a white precipitate, 
presumably hydrated stannic oxide, containing no perchlorate. 
Although freshly precipitated stannic oxide appeared 
to dissolve in dilute perchloric acid, ageing reduced the 
solubility. Samples left to dry overnight were found to be 
only slightly soluble, while ignited stannic oxide did not 
dissolve at all. Even after the acid suspension had been 
heated for a long time, no tin could be found in the filtered 
solution. The concentration of perchloric acid appeared 
to have no effect on the results. 
Thi ey' ••• 
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This behaviour of stannic oxide towards perchloric 
acid is very much the same as that towards nitric and 
sulphuric acids. When freshly precipitated with ammonia, 
stannic oxide is in the form of a.-stannic acid, Which, on 
drying or heating, changes to the ~-form. Since the former 
is acid soluble and the latter insoluble, the apparent 
solubility of stannic oxide will depend on the relative 
concentration of a.-stannic acid. 
Mecklenburgh(74,75,76) showed a.- and ~-stannic 
acid to be colloidal substances differing only in the size 
of their particles. More recent investigations have 
confirmed this point of view. From light diffraction 
studies, Menon(?3) concluded that ·the particle size of 
a.-stannic acid was approximately the wave-length of light 
while the particles of the ~-acid were larger. The X-ray 
diffraction patterns obtained by Weiser and Milligan( 82) 
proved that the two forms of stannic acid were structurally 
identical but contained more or less adsorbed water. It 
thus appeared that the process of dissolving a.-stannic acid 
was merely peptisation. This point of view was supported 
by the general behaviour of the "solutions" of stannic . oxide 
in perchloric acid. 
Since stannic compounds in aqueous solutions 
hydrolyse to form stannic oxide, and since stannic oxide 
doe&!. , • 
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does not form the perchlorate in perchloric acid, it was 
concluded that stannic perchlorate could not be prepared 
by this method. 
Trial reaction between stannic chloride and 
silver perchlorate in ether. 
To a solution of silver perchlorate in ether a 
few drops of commercial anhydrous stannic chloride were 
added. A precipitate - of silver chloride - formed at once. 
When the ether solution was concentrated by evaporation, 
however, no crystalline product was obtained; instead it 
left a small yield of gummy black residue which was insoluble 
in nitric acid. 
Because failure might have been the result of 
hydrolysis, a fresh solution of silver perchlorate was 
prepared in anhydrous ether. The silver content of an 
aliquot part of this solution was determined. Known weights 
of stannic chloride were added to samples of the silver 
perchlorate solution from a stoppered weighing bottle. 
Reaction took place immediately. The mixture became 
yellowish, and on standing, deposited a creamy coloured 
precipitate. This was filtered off and dried at 120°C. 
Its weight, however, was greater than the maximum possible 
weight of silver chloride, which indicated that some other 
compounq/ ... 
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crystals were completely volatile at 120°C., the high yield 
of precipitate obtained earlier could not have been caused 
by the presence of this substance nor by any impurity in the 
ether. 
l 
i 28. 1 
I 28.2 
Table 2 
Analysis of stannic chloride-ether complex 
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Sn : Cl : (C 2H5) 2o 
1.00 : 4.00 : 2.18 
1 . 00 : 3. 99 : 2. 1 7 
1.00 : 3.99. 2.17 





38.3 1 • 00 : 4. 00 : 2. 1 81 
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Another sample of the precipitate obtained from 
the r e action between ethereal solutions of the dry reagents -
silver perchlorate and stannic chloride - was washed with 
anhydrous ether and then suspended in water. The 
suspension was made ammoniacal . to dissolve silver chloride, 
and filtered. The clear solution was acidified with 
chloride-free nitric acid and boiled to coagulate the 
reprecipitated silver chloride. The precipitate was 
filt ered, washed with ammonium nitrate and nitric acid, 
dried/ ... · 
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dried at 120°0. and weighed. It was found that, although 
conversion of silver perchlorate to silver chloride was 
complete, the silver chloride did not account for the whole 
weight of the precipitate. 
When the reaction in ether was more thoroughly 
investigated (see Section D, pp. 91 - 99) it was found that 
the weight of precipitate formed under the conditions of 
these preliminary experiments had little significance. 
The decomposition of the main product of the reaction, 
stannic perchlorate, would produce perchloric acid and 
probably some organic compounds, all of which would add to 
the weight of the precipitate. It was, however, sufficient 
that the preliminary experiment had shown that the reaction 
produced an, as yet, unknown compound in the reaction 
products. 
Trial reaction of silver perchlorate and 
stannic chloride in benzene. 
Indications of reaction in ether encouraged the 
search for other possible solvents. As a result of the 
thorough investigation 'of the benzene(silver perchlorate 
system made by Hill(51), and tlle miscibility of stannic 
chloride and benzene, it was decided to investigate the 
reaction in this solvent. 
Because( ••. 
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Becau~e thiophene, which is always present in 
commercial benzene, is known to be polymerized by stannic 
chloride( 91 ), it was removed by the method of Ardagh and 
Furber( 77). In later work 'analar' benzene, as supplied 
by the British Drug Houses, was available. This benzene 
was free from most impurities and only required drying 
before use. 
Since mixtures of benzene and perchloric acid are 
explosive(4S), and since the reaction mechanism suggested 
for the preparation of trichloromethyl perchlorate(7S) 
postulated the formation of perchloric acid, it was 
considered advisable to use small quantities in trial 
experiments. Accordingly, about 0.1 g. anhydrous silver 
perchlorate was dissolved in about 100 c.c. dry benzene, 
and to the clear solution a large excess of stannic chloride 
was added. It was doubtful whether any reaction took 
place, as the precipitate which formed may have been due 
to hydrolysis. Consequently the reaction mixture was 
distilled to recover the thiophene-free benzene. When 
most of the benzene had been removed, the t emperature rose 
rapidly until at 112°C. a few drops of residual black 
mixture boiled and exploded violently. This behaviour 
was analogous to that of covalent perchlorates and suggested 
that some unstable perchlorate had been formed. The more 
detaileq/ ... 
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detailed investigation of the reaction is discussed in the 
next section. 
The explosion showed that it was essential to 
exercise extreme caution in later experiments. While the 
cause of the above detonation was the application of heat, 
this was not the case in two other explosions that occurred 
during later work (see pages 58 and 62). The former of 
these explosions occurred while a sample of distillate 
was in a weighing bottle and the latter, just at the 
beginning of an attempted rnicrofractionation, when the 
0 temperature was about 40 c. The explosions could not 
be accounted for by any cause common to all three. 
As it appeared that the material under investigation 
could detonate at any time, it was necessary to take all 
possible precautions at every stage of the research. For 
this reason the experiments were carried out on small 
quantities of materials. Safety screens, leather gloves 
and face masks were used, but these frequently hindered 
the manipulation of small amounts of reagents. To overcome 
these difficulties many of the experiments were carried out 
in vacuum systems, which could easily be screened from the 
operator, and were suitable for handling small quantities 
of materials. A further advantage of vacuum apparatus was 
that moisture could be excluded from the reaction mixture. 
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REACTION I N BENZENE 
PART 1 
INTRODUCTORY 
Description of the apparatus. 
Part of a vacuum fractionating apparatus, shown in · 
figure 2, was available. The apparatus consisted of three 
fractionation bulbs (A) connected to the main vacuum line 
and to each other. The pressure in each bulb could be 
measured independently by manometers (B). A three-way 
tap (C) connected the fractionating portion to the pumping 
system, which was protected by traps (D). The pumping 
system consisted of an electrically operated mercury vapour 
diffusion pump (E) and a Hyvac oil backing pump (F). The 
backing pump could, when operated alone, reduce the pressure 
to below 0.1 mm. The mercury vapour pump was normally 
closed off from the rest of the system, but by using taps 
on either side of it, could be connected into the circuit 
when r equired. 
There were three points of entry into the apparatus. 
By using standard Quickfit ground glass joints, pi eces of 
apparatus could be connect ed at G. Gases could be 







introduced through H. The latter point of entry was used 
to break the vacuum, when air, dried by passi~g through 
U-tubes of calcium chloride and a column of phosphorus 
pentoxide, was allowed to flow in. The thirq point of entry 
was at X, where other vacuum systems could be 'sealed 6nto 
the apparatus when these were required. 
Only the pumps and traps of this apparatus were 
used. The fractionation bulbs were found to be of little 
use because of the rapid deterioration of the grease in 
contact with vapours of stannic chloride and benzene. 
Whenever fractionation was necessary it was carried out in 
a separate all-glass apparatus. 
A simple vacuum apparatus, figure 3, consisting 
of a series of differently sized test tubes connected to 
each other in series and to the main line in parallel, was 
sealed onto the main vacuum system at X. The two points 
of entry into this apparatus were standard ground glass 
joints, a cone at M and a socket at N, to which other pieces 
of apparatus could be connected. Each test tube could on 
its own serve as a point of entry. When the combined 
apparatus had been thoroughly evacuated and flamed to remove 
adsorbed moisture, a few drops of stannic chloride were 
introduced through M. It was found that the presence of 







and allowed leaks to deve lop after, at most, eight ho s. 
Because of the action of stannic chloride it 
to complete any experiment within this period since, ter 
that time, the seepage of air into the apparatus waul 
introduce sufficient moisture to give misleading resu 
and the increased · pressure would slow down the distillation 
rate of any material that had to be distilled. 
Trial reaction in vacuum system. 
A trial reaction between stannic chloride 
silver perchlorate was carried out in the apparatuP. 
in the previous paragraph. After silver perchlorate ad 
been weighed into one of the test tubes of the vacuum 
apparatus (figure 3) the salt was thoroughly dehydrated 
by heating it under low pressure for several hours in a 
glycerol bath at 120 °0. About 100 c.c. anhydrous thiophene-
free benzene were distilled into another test tube and 
r edistilled onto the anhydrous silver perchlorate. The 
mixture in the apparatus was gently rocked until all the 
salt had dissolved. 
Stannic chloride was poured into a separate test 
tube fitted with a tap, and connected at N. Though 
hydrolysis, producing hydrogen chloride, migh't have taken 
place when the liquid was poured into the test tube, the 
former/ .•• 
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!'ormer would most certa i nly have been removed when the tube,, 
cooled to -80°0., was evacuated. The tube was then filled 
with dry air and weighed. It was reconnected to the 
vacuum apparatus, some stannic chloride was distilled into 
another part of the apparatus for later use, the tube was 
again fill ed with dry air, disconnected and reweighed. The 
loss of weight corresponded to the weight of stannic chloride 
introduced into the apparatus. 
The stannic chloride was transferred into the 
solution of silver perchlorate in benzene by distillation, 
but this operation required the receiver tube to be cooled. 
The disadvantage of this procedure was that, on being cooled, 
silver perchlorate crystallised from the benzene solution 
and did not redissolve when the mixture was left to warm 
up to room temperature. Any interaction between stannic 
chloride and silver perchlorate in such a heterogeneous 
system would have had to take place on the surface of the 
silver salt and would have been slower than in a simple 
homogeneous solution in benzene. In addition, as silver 
chloride, which would form in the reaction, would deposit 
on the solid and greatly reduce its effective surface, this 
procedure would be expected to give a low yield of product. 
A few experiments in which the stannic chloride 
was distilled into the benzene solution of silver perchlorate 
were/ •.• 
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were carried out. The r eaction mixture was allowed to stand 
for about an hour, after which all volatile materials were 
pumped off. The r e sidue consisted mainly of unreacted 
silver perchlorate but also contained a small amount of 
gummy black mat erial which, at the time, was assumed to be 
traces of grease, and s ome silver chloride. The weight of 
silver chloride showed that less than 1% of the available 
silver perchlorat e had react ed in each experiment. 
To avoid the crystallisation of silver perchlorate 
and i n so doing prevent the formation of a heterogeneous 
syst em, it was decided to introduce the stannic chloride 
without distillation. To this end a clear solution of 
silver perchlorate in benzene was prepared in one of the 
tubes of the apparatus, and anhydrous stannic chloride was 
distilled int o an adjacent tu·be . The t.ube containing the 
silver perchlorate solution was connect ed to the main vacuum 
line and, with the oil pump working, the tap connecting the 
tube s contain ing the stannic chloride and the benzene 
solution was carefully opened. This drove a current of 
stannic chloride vapour into the solution. A white 
pr ecipit a t e formed imnediate ly. Since the current of 
stannic chloride through the tap forced small quantities of 
gr e ase into the reaction mixture, and since s ome benzene and 
st annic chloride were removed by the action of the pump, it 
was/ ... 
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was impossible to obtain quantitative results. The 
• formation of the precipitate, which contained appreciable 
amounts of silver chloride, did, however, show that under 
anhydrous conditions a reaction between stanpic chloride 
and silver perchlorate took place. 
The next problem was to separate the precipitate 
without exposure to atmospheric moisture. As a possible 
solution it was decided to centrifuge the mixture. The 
reaction had therefore to be carried out in a centrifuge 
tube by a modified technique. 
Anhydrous silver perchlorate was weighed into a 
dry test tube, small enough to fit into a centrifuge. The 
tube was connected at M (figure 3) and heated at 120°C. 
under low pressure for about an hour to remove absorbed 
moisture. About 100 c.c. anhydrous benzene, dried over 
phosphorus pentoxide were distilled into the test tube. After 
the tube had been filled with dry air, it was disconnected 
_ and quickly stoppered. The mixture was vigorously shaken 
to dissolve all the silve~ perchlorate and gave a clear 
solution. Other similar solutions were prepared in the 
same way. It was observed that moisture, even in relatively 
small quantities, gave cloudy solutions. 
solution was obtained, it was discarded. 
Whenever a cloudy 
Small quantities of anhydrous stannic chloride 
were/ ..• 
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were weighed directly into each solution, using a Lunge-Reys 
pipette for the purpose. The stoppers were immediately 
replaced to avoid unnecessary ~ontarnination by atmospheric 
moisture. In each case a white precipitate formed 
immediately but did not settle very quickly, The stoppered 
tubes were transferred to a centrifuge and centrifuged at 
3000 - 3500 r.p.m. for about 3 - 5 minutes, When the tubes 
were removed the contents were found to be made up of three 
phases viz:-
(i) a lower solid phase consisting of almost 
pure silver chloride, 
(ii) an upper, clear liquid phase, consi~ting of 
a solution of unchanged stannic chloride in benzene, and 
(iii) an intermediate brown liquid phase clearly 
separated from the benzene phase. The boundary between 
the solid phase and this liquid phase was so diffuse that 
complete separation was impossible. The elucidation of the 
composition of this liquid phase formed the major part of the 
investigations. 
A delivery tube, protected from atmospheric 
moisture was introduced into the test tube and the benzene 
solution was sucked off. The residual mixture of brown 
liquid and solid material was washed several times with 
anhydrous benzene. After each wash the colour of the 
liquid/ ... 
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liquid became more i nt ense until, after the seventh wash, 
it appeared complet ely black. When washing was stopped, 
after the seventh wash, the wash liquid was still found to 
contain st annic chloride, After a fi na l centrifugation 
the black liquid was removed in the s ame way as was the 
benzene phase. 
In this way pure samples were obtained of e ach of 
the three phases present in the original reaction mixture. 
The inves tigations of each phase ~re discussed under the 
appr opriate headings in Parts2 and 3 (pages 43 and 70). 
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t_ART 2 
THE EXAMINATI ON OF THE BLACK LIQUID PHASE 
Only a very little black liquid was prepared in the 
trial re action, but that experiment indicated a convenient 
method by which it could be prepare d. Because of the danger 
of de tonation, small quanti ties of black liquid were pr-epared 
and used a s required. At no time was any considerable 
amount kept in reserve. 
Analytical investigation. 
(a) Qualitative analysis. 
The sample of black liquid that was prepared in 
the trial reaction was used for qualitative ana l ysis, t h e 
results of which showed that the mat erial c ontained tin, 
silver, chloride and perchlorate. 
When s ome of the black liquid was poured into 
wat er, it appeare d to hydrolyse immediat e ly, producing a 
grey s olid which dissolved in aqueous ammonia and 
reprecipitated on being acidified with nitric acid. One 
of the products of hydrolysis was therefore silver chloride. 
The aqueous solution, test ed with dilute hydrochloric acid, 
did not form a precipitate and showed silver to be absent. 
A/ • .. 
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A sample of the solution was reduced with aluminiUm and 
acid and tested with mercuric chloride, with cupferron and 
with the cacotheline spot test, all of which showed that 
tin was present. A test for chloride, with s,ilver nitrate, 
proved the presence of this ion in solution. A semi-
quantitative test was used to establish the present of 
perchlorate. Two approximately equal volumes of the 
solution were poured into separate test tubes. The chloride 
in one sample was precipitated as silver chloride, while 
the contents of the othe r were first reduced with titanous 
sulphate and then treated with silver nitrate. As the 
amount of silver chloride in the reduced sample was nearly 
double that in the other tube , it was deduced that perchlorate 
was present in the original solution. 
The occurrence of both silver and chlorine in the 
black liquid showed that at l east one of these elements was 
present in a non-ionised form. Hill(50,51 ) found that silver 
perchlorate was not ionised in benzene, but existed mainly 
in the form of dimeric molecules, although monomeric and 
trimeric forms were present. In solution in benzene , 
stannic chloride is a covalent compound. It was therefore 
possible for both silver and chlorine to have been present in 
a non-ionised form. In the trial reaction, 3.83 moles of 
silver perchlorate were used for every mole of stannic 
chloride/ ••• 
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chloride. Thus it was expected that some of the excess 
stannic chloride would have been present in the black liquid. 
Furthermore the pre sence of silver indicated that either 
some silver perchlorat e complex had formed or that a part 
of the silver perchlorate had dissolved in the black liquid 
and had remained unchanged. 
(b) Quantitative analysis. 
More samples of black liquid were prepared and used 
for analysis. 
table 3.~ 
The results of the analyses , are ) given in 
') ~ ' ) 
~a s observe~ that the composition of the 
black liquid depended on the molar ratio of the reagents 
that were used in the r eaction. For brevity, the number 
of moles of silver perchlorat e that were allowed to react 
with each mole of stannic chloride was called the "initial 
r atio". On the assumption that each chlorine atom in 
stannic chloride could react with one molecule of silver 
perchlorate, an initial ratio of 4 represent ed stochiometric 
quantities; values less than 4 showed that excess stannic 
chloride was used, while initial ratios above 4 indicated 
that silver perchlorate was in excess. 
Table 3/ ... 
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Ana~~se s 2f black liquid 
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The black liquid was analysed for silver and tin by 
the sulphide me thod (see Secti on F, page 121) and for chloride 
and perchlorat e by titration with thiocyanate. Titanous 
sulpha t e was used t o reduce the perchlorate. In the case of 
the first sample (table 3 9 No . 1) a different method of 
analysis was used. While mos t of the mixtures were allowed 
to react a t room t empe rature, two sample s, Nos. 4 and 5, 
were prepared at the temperature of boiling benzene . 
The first sample was separated from the reaction 
mixture by centrifugation immediately after the stannic 
chloride had been added. The immiscible liquid layer was 
washed with anhydrous benzene and centrifuged after each wash. 
Althougr/ •.• 
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Although colourless directly after preparation, the liquid 
became dark er in colour with each wash until it was black, 
as before. It appear ed that the formation of the black 
colour could have been due to some d~compdsition. The black 
liquid was divided into six weighed samples for analysis. 
Two of these were hydrolysed in wat er and use d to det ermine 
the tin cont ent by the metastannic acid method. The 
remaining four parts were hydrolysed in a solution of 
chloride-free sodium hydroxide . After filtration, two of 
the alkali solutions were acidifi ed and titrated for chloride 
by the Volhard method. The remaining two were used to 
de termine total chloride and perchlorate by titanous sulphate 
reduction, followed by titration with thiocyanate. There 
was not sufficient material to determine the silver. The 
results of the analysis are given in table 3 (No. 1). 
The next sample (No. 2) was prepared in a similar 
way, but was analyse d by the sulphide procedure. It was 
observed that when the black liquid was weighed into sodium 
hydroxide, droplets of benzene float ed to the surface. The 
benz ene would explain the fact that only some 4o% of the 
sample was accounted for by analysis. 
The product of the third reaction was transferred 
to the vacuum system (figure 3) immediately aft er preparation. 
When most of the easily volatile compounds, benzene and 
stanniq/ ... 
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stannic chloride, had been removed the residue was analysed 
(table 3, No. 3). As the benzene had been d~stilled off, 
the effect observed in sample 2 was not noticed. 
of this sample accounted for all the material. 
Analysis 
To test whether the black colour was due to 
decomposition, the samples numbered 4 and 5 were prepared 
under conditions more likely to decompose the product. 
After the stannic chloride had been added to the silver 
perchlorate solution in benzene, the reaction vessel was 
fitted with a condenser protected from atmospheric moisture, 
and the mixture allowed to reflux for several hours in a 
water-bath. When the reaction mixture had been centrifuged, 
a thin layer of a black powder was found covering the solid 
silver chloride layer. The black layer, heated in a 
crucible to about 500°C., was found on cooling to have 
deposited a mirror of metallic silver on the base of the 
crucible. It was therefore possible that the black colour 
was due to colloidally dispersed metallic silver. Both 
the samples were analysed, but the latter, No. 5, was treated 
in the vacuum apparatus in the same way as was No. 3, before 
analysis. These two samples were found to contain no 
silver, but a very small quantity of black powder remained 
undissolved in the sodium hydroxide, in which the samples 
were hydrolysed before analysis. The results of the 
analyse f¥' •.. 
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analyses of samples 4 and 5 are given in table 3. 
Whereas all the previous samples had be~n prepared 
using excess stannic chloride, the next sample, No. 6, was 
prepared from a reaction mixture containing a large excess 
of silver perchlorate. The black liquid from this 
preparation was analysed as before and found to contain no 
chloride. In this respect it differed completely from all 
earlier preparations. It was therefore concluded that the 
composition of the black liquid depended on whether stannic 
chloride or silver perchlorate was used in excess. 
An examination of the results in table 3 indicated 
that the black liquid did not correspond to the formation of 
any single compound but had to be considered as a mixture 
of substances. When a large excess of stannic chloride 
was used, samples 4 and 5, the black liquid did not contain 
any silver. Similarly, with excess silver perchlorate, 
sample 6, it contained no chloride. When, however, the 
reagents were used in very nearly stochiometric quantities, 
the black liquid contained silver as well as chloride, in 
addition to tin and perchlorate. 
(c) Possible interpretation of the results. 
The analytical results in table 3 showed that some 
samples contained silver, some chloride and a few contained 
bot~ ••• 
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both silver and chloride. As the presence of silver 
suggested the presence of unchanged silver perchlorate and 
chloride, unchanged stannic chloride, it folloWs that both 
silver perchlorate and stannic chloride could dissolve in 
the black liquid phase. Furthermore, in the samples that 
contained both silver and chloride, both silver perchlorate 
and stannic chloride were present. It may thus be assumed 
that the rate of reaction in the black liquid phase was 
very much less than in benzene. 
From the results obtained in Part 4 (see pages 75 
and 81) it could be assumed that the rate of distribution 
of stannic chloride between the black liquid phase and the 
benzene phase was greater than that of silver perchlorate. 
When reaction took place in the presence of a 
large excess of stannic chloride, the analysis of the black 
liquid phase showed a discrepancy between the number of 
equivalents of anions and cations. This discrepancy 
indicated that free perchloric acid formed in the reaction, 
presumably by a side reaction involving benzene. This 
point of view was strengthened by the results of the 
experiments discussed on pages 67 and 68. 
The following assumptions were thus made in order 
to offer a possible explanation of the analytical results:-
( i) botl/ •.• 
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(i) both silver perchlorate and stannic chloride 
could dissolve in the black liquid, 
(ii) the rat e of distribution of the stannic 
chloride betwe en the black liquid and the benzene phase 
was gr eat er than that of silver perchlorate, 
(iii) the rate of the r eaction between stannic 
chloride and silver perchlorate in the black liquid was 
very much less than that in the b enzene. 
(iv) Some r eaction involving benzene took place 
and formed pe rchloric acid. 
Where the initial ratio was above 4, i . e . when 
exce ss silver perchlorat e wa s used, the black li quid was 
found to contain no chloride . Any stannic chloride that 
mi ght have dissolve d in the black liquid would have 
r edistribute d itself aft er all the stannic chloride in the 
benzene phase had react ed with the silver perchlo rate~ In 
this way, the r eaction would have proceeded until the stannic 
chloride ha d been compl e t e ly use d up. The silver perchlorat e , 
on t he other hand, would have dissolved slowly in the black 
liquid, which, at the end of the r eaction, would have 
consist ed of the product of reaction, probably a stannic 
perchlorat e , · and silver perchlorate. This was confirmed 
experimentally by the analysis of sample No. 6, which 
gave the ratio 
srv' ... 
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Sn: Ag: Clo4 = 1.00 : 1.93 : 5.96, 
a result which indicated the presence of a mixture of stannic 
perchlorate, Sn(Clo4)4 and silver perchlor~te in the ratio of 
approximately 1 : 1 .95. 
For values of the initial ratio slightly less than 
4, i.e. when only a small excess of stannic chloride was 
used, it would have been impossible for all the available 
chloride to have reacted with silver perchlorate. During 
the course of the reaction some silver perchlorate and some 
stannic chloride could have dissolved in the black liquid. 
As it was assumed that the rate of solution of stannic 
chloride was greater than that of silver perchlorate, it was 
possible that at some stage the amount of stannic chloride 
that had dissolved in the black liquid was such that the 
concentration of stannic chloride remaining in the benzene 
phase was less than the equivalent concentration of silver 
perchlorate. When this stage was reached, the reaction 
proceeded as if the "initial ratio" had been above 4 until 
only silver perchlorate remained in the benzene phase. The 
stannic chloride, which, it was assumed, could redistribute 
itself faster than the silver perchlorate, would then 
redissolve into the benzene and continue to react with the 
silver perchlorate. At the same time the silver perchlorate 
could have dissolved in the black liquid, so that a stage 
would/ ..• 
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would have been reached when no silver compound was present 
in the benzene. The black liquid, however, would still 
have contained silver perchlorat e as well a~ . stannic chloride, 
and would on analysis have shown the presence of both silver 
and chloride. 
1, 2 and 3. 
This was the case in the samples numbered 
When the initial ratio was considerably less than 
4, a large excess of stannic chloride was used. Under such 
conditions the reaction would have taken place in the benzene 
phase without sufficient time being allowed for any 
appreciable quantities of silver perchlorate to dissolve in 
the bladk liquid. Because of the large excess of stannic 
chloride, no effect would have been noticed if relatively 
large amounts of stannic chloride had dissolved in the black 
liquid. Samples of black liquid prepared in this way 
would have been expected to contain no silver. Analyses of 
samples 4 and 5 gave results in accordance with the above 
hypothesis. 
In all cases where excess stannic chloride was 
used, analysis of the black liquid showed that the sum of 
the equivalent concentrations of the anions exceeded that 
of the cations. To explain this discrepancy the presence 
of fr e e perchloric acid was assumed. While later work 
confirmed the presence of the acid, no indication could be 
obtaineq/ ..• 
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obtained as to the mechanism by which it was formed. 
The wide divergence of the analytiqal results 
showed that the reaction was not a simple one. The 
assumptions made to explain this divergence were partly 
justified by observation during later experiments. 
Attempts at purification of the black liquid. 
The analysis of the black liquid, which was 
prepa~ed in the presence of excess silver perchlorate, 
indicated that the material consisted of a mixture of silver 
perchlorate, stannic perchlorate and ben2:ene .• When it was 
prepared in the presence of excess stannic chloride, the 
indications were that the black liquid was different. In 
general the a tomic ratios of tin to chloride to perchlo~ate 
were not integers. It was therefore possible that the 
product contained a number of perchlorates of tin produced 
by a stepwise substitution of the chloride atoms by 
perchlorate radicals. Another possibility was that organic 
compounds were formed by side reactions involving benzene. 
Various methods were accordingly used in an attempt to 
isolate and purify the products of the reaction between 
silver perchlorate and stannic chloride in benzene. 
(a) Ether/ •.• 
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(a) Ether extraction. 
When a sample of the black liquid was shaken with 
anhydrous ether it became greenish, but when the ether was 
removed under vacuum, a few drops of apparently unchanged 
black liquid were recovered. Since ether extraction might 
have offered a means of purifying the reaction product, 
the procedure was applied to a fresh sample. 
The black liquid was prepared by reacting each 
mole of stannic chloride with 2.86 moles of silver perchlorate. 
After centrifugation the black liquid was washed and 
extracted with ether in quantities of 5 to 10 c.c. until 
the combined ether extract measured about 150 c.c. The 
residue, which contained apparently unchanged black liquid, 
was discarded. The ethereal solution was transferred to 
a flask and the ether was pumped off by gradually reducing 
the pressure, until a dark greenish liquid remained. 
Samples of this dark liquid were weighed into 
chloride-free sodium hydroxide. The solution was analysed 
for tin by the sulphide procedure, but gave no precipitate 
of silver sulphide. Aliquot parts of the filtrate from the 
stannic sulphide precipitation were b oiled free from 
hydrogen sulphide and treated with standard silver nitrate. 
No precipitate formed, which showed that no chloride was 




The results of the analysis were 
Sn 16. 4,1o , C104 82.2%, Ratio Clo4 : Sn = 6.00. 
Since neither chloride nor silver was found, the 
difference be tween the number of equivalents of anions and 
cation s was assumed to be made up by hydrogen ions. On 
this basis, the atomic ratio was calculated to be 
H : Sn : Clo4 = 2 : 1 : 6 
which indicated the presence of stannic perchlorate and 
2 moles of perchloric acid. The analytical results were 
sli ghtly low compared with those calculated for such a 
mixture: 
Calculat ed composition of Sn(Clo4)4 and 2HC1o4 :-
Sn 16.78%, Clo4 82.92%, H 0.3o%. 
The low expe rimental values could have been accounted for 
by incomplet e removal of the ether. Owing to lack of 
mat erial, hydrogen analyses were not attempted. 
Despit e the fact that the analytical results 
compar ed favourably with those calculated for a mixture of 
one mole of stannic perchlorate and two moles of perchloric 
acid, the ,results were not considered significant in view 
of t he evidence obtained fr om the investigation of the 
reaction i n ether (see S~ction D). It will be shown that 
stannic perchlorate slowly decomposes in ether to form 
perchloric acid, so that the ratio of 2 : 1 obtained above 
must/ ••• 
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must be considered a chance result. Although the extraction 
did purify the black liquid to some extent, 'it was not 
considered to be a good me~hod of purification as it 
ultimately led to the decomposition of the required tin 
compound. 
(b) Microdistil:ation under reduced pressure. 
The apparatus shown in figure 4 was used for the 
.yv 
distillation. A was a fire capillary which was used to 
introduce the liquid, anc acted as an air leak during the 
distillation. B was th:: distillation bulb from which the 
liquid was distilled thr8ugh the trap, C, into the receiver, 
D. The apparatus was e"{acuated through E. In order to 
prevent the condensatioL of atmospheric moisture in the 
receiver bulb, the capillary air leak was protected by a 
column packed as shown :n figure 5. 
With E connected to a pump, capillary A was dlp-ped 
into a small tube containing some black liquid which was 
sucked into B. A wate!•-bath was placed around B while D 
was cooled in a water/ ice mixture. The water-bath at B 
was gradually heated to 85°C. and kept at that temperature 
until the distillation had stopped. The receiver bulb 
containing the distillate was se~led off at X andY. 
The first distillation was carried out on 
about/ ... 
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about 1~ to 2 c.c. black liquid and gave a mobile, colourless 
distillate measuring 1 to 1~ c.c. Qualitative analysis 
showed the liquid to contain tin. The refractive index 
0 at about 20 c. was found to be 1.374. This was very much 
lower than that of any known tin compound. To test whether 
the distillate was not simply a mixture of benzene and 
stannic chloride, a small drop of liquid was sucked into a 
capillary tube and heated behind explosion screens. The 
detonation which ensued could not have been produced by a 
mixture of stann ic chloride an d benzene and suggested the 
presence of perchlorate in the distillate. When, however, 
the liquid was transferred t o a weighing bottle prior to 
being quantitatively analysed, it detonated for no apparent 
reason~ As a result of this exp losion, quantities of not 
more than ab out 0.25 c.c. of bla ck liquid were used for 
later distilla tions and the product obtained was not more · 
than 2 - 3 drops. -
The samples of distillate were hydrolysed either 
in water or in standard sodium hydroxide. The calculated 
amounts of perchloric acid and chloride were added to bring 
the perchloric acid concentration to 2N and the chloride to 
0.5N. These solutions were used for the polarographic 
determination of tin. It was i nteresting to note that 
while each sample that was hydrolysed in sodium hydroxide 
gave/ .•. 
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gave constan t r e sults, those hydrolysed in water showed 
time variation. 
Figure 6 shows a polarogram (B) that was obtained 
from a solution 6f 0,00 884 g. black liquid in water treat ed 
with sodium chloride and perchloric acid, When this curve 
was compared with that of a standard solution (A), the step 
on t he polarogram was found to corre spond to 1. 8% tin. 
Aft e r the ~olution had been al lowed to stand for 3 days, 
the tin content ros e to 2, 8% .: figure 7). The solution was 
then heated for 17 hours in a ~he rmostat at 50°C. and a 
polarogram again obtained (fi g~~e 8). When compared with 
a polardgram of a similarly treated standard solution, 
f i gure 8, the stannic con t ent wa s f ound t o have risen to 
3. 6% . 
4. 7% . 
Af t er ano the r 25 hour s at 50°C. the value rose to 
Heat tre atment c ould not be continued, however, as 
no furth er s olution was availab le . 
As the concentration or tin, obtained polarographi-
cally, r ef err e d only to the ionic form, it appeare d that the 
concent ration of ionised tin i ncreased with time. Such an 
i ncr e ase could have been due to a n on-ionise d tin compound 
which gr adually hydrolysed i n the pre sence of excess 
perchloric acid to form ionic tin. When the distillate was 
f irst dissolved in sodium hydroxide, however, comple te 
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were started. In these cases all the tin was present in 
an ionised form and consequently polarograph~c analysis 
gale constant results. 
Although the microdistillation resulted in a clear 
product being obtained from the original black liquid, the 
method was not successful in purifying the material since 
the various distillates contained differing amounts of tin. 
(c) Microfractionation. 
The apparatus used for the fractionation was a 
modification of that described by Shrader and Ritzer(B4) and 
is show~ in figure 9. It consisted of a bdiler (A) fitted 
with a g:r:'81.illd gla ss stopper which could be removed to 
introduce material. The boiler was attached to a vacuum-
jacketed fractionation column (B). A condenser (C) led to 
the receiver. At the r ece iver end of the c'ondenser a solid 
glass rod (D) was attached in order to guide the condensed 
droplets into the receiver tubes (E). These tubes were 
mounted on a bake lite holder fitted around a central tube (G) 
through which the apparatus could be evacuated. Each tube 
could be brought under the solid glass rod in turn to receive 
condensate, by turning the apparatus around the upper ground 




A few drops of black liquid were placed into the 
boiler, whose capacity was about 2 c.c. After it had been 
heat e d in a water-bath under 30 mm. pressure for about 
8 hours, no distillate was obtained. Reducing the pressure 
to 0.1 mm. did not have any effect. The residue in the 
boiler was a black solid, which, even under very high 
magnification, showed no crystalline form. 
After the stopper of the boiler had been replaced 
by an air l eak protected from access of moisture by 
phosphorus pentoxide and calcium chloride, another 
fractionation was attempted. From this two small drops 
of brownish liquid distillate were obtained. The refractive 
indices at 25°C. were found to be 1.3745 and 1.3741 and 
compared favourably with the earlier value of 1.374 (see 
page 58 ). The remainder of the distillate was dissolved 
in sodium hydroxide. The solution was neutralised with 
hydrochloric acid so that, after be ing diluted to 50 c.c. 
with the calculat ed amount of perchloric acid, the solution 
contained the correct concentrations for the polarographic 
det ermination of tin. The polarograms obtained are drawn 
in fi gure 10. The curve marked A was produced by a standard 
tin solution which was 5.81 x 10-5 molar, while the curve B 
was produced by the solution of 1.753 mg. distillate in 
50 c.c. The tin content was found to be 30.9% which was 
too/ •.. 
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too high for pure stannic perchlorate, Sn(Clo4)4, but 
corre sponde d to an approximat ely equimolecular mixture of 
of stannic chloride and stannic perchlorate. 
Another droplet, which collected on an irregularity 
on the glass wall of the. condenser, did not run down i n to 
the receiver, but crystallised to fine whit e needles which 
easily volatilized. The rest of the volatile mat erial 
distilled straight through the apparatus in the trap, which 
was cooled in dry icE/alcohol and was used to protect the 
pump from volatiles. When a third fractionation was 
attempted an explosion occurred. In view of the explosion, 
it was considered inadvisable to repeat the fractionation. 
Although microfractionation did not prove a 
succe ssful method for purifying the black liquid, the 
following two observations corroborated evidence obtained 
in other exp eriments:-
(i) the value of the refractive index was 
confirmed, 
(ii) the crystalline compound which was observed 
i n the condenser appeared to be similar to the volatile 
crysta ls that were obtained in the reaction between stannic 
chloride vapour and solid silver perchlorate (see Section E, 
pages 1 00 to 11 7) • 
( d) V acuurrv' ... 
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(d) Vacuum fractionation·. 
(i) !~~-~~!~!~~!-~!~~~-!!~~!~· 
The black liquid was transferred to a simple 
frantionation apparatus consisting of five U-tubes with a 
g!' ound gJ..aEJs nt opper at each end (figure 11). The tube 
was stop~e~ed at one end, ant, after cooling baths had been 
place. d s .. :-o....,.nd each U -tube, the apparatus was evacuated 
through the other end. Each successive cooling bath was 
at n Jowet' temperature than the preceding one. The first 
h&tll w~s fill e d with water a.t room temperature ( 17°C.) and 
was pla~ed a~ound the tube containing the black liquid. 
The. s e coT'.d b:be was cooled in ice at 0°C~ A temperature of 
about -1+0°C . was maintaine d around tube number 3 by means 
of' a mixt nr e of tetralin and. Cl.r•y ice~ Dry ice in alcohol 
The last tube was cooled in 
liquid air to prevent any vo lRtile materials from leaving 
th.e system. 
With the pump wc:c·kj_ng n1L the time, the vacuum 
s ystem ws.s left to stand f'or fcm· hours, after which it was 
f~.ll erJ. with dry air and di econnected from the pump. The 
coolin.g traps were remove d and t l1e apparatus was allowed to 
heat up to room temperature, '..L'~e solid residues in tubes 
1 and 2 wer e s oluble in hyc1.r or!h~oric acid and were found to 
contain tin, "..lut the smaJ 1 amollllt of material made it 
impossible/ ..• 
















impossible to carry_ out a complete analysis. The largest 
fraction was found in tube 3, which contained a clear, 
light-brown liquid. This fraction was analysed and found 
to contain tin , chloride and perchlorat e in the atomic ratios 
Sn: Cl: 0104 = 1.00 : 2.74: 2.17. 
No silver was detected. Small quantities of stannic 
chloride and benzene were found in tubes 4 and 5 respectively, 
but the separation was not complete. 
The analysis of the third fraction gave results 
tha t were of the same order as those of sample 4, table 3, 
page 46. Apparently, therefore, vacuum fractionation of 
the black liquid did not r esult in a purified product. The 
importance of this experiment, however, lay in the fact that 
some stann ic chloride and benzene, albeit in small quantities, 
were isolated from the original black liquid. The isolation 
of these mat erials indicated that both were present in the 
starting mat erial and thus partly justified assumption (i) 
made to explain the analytical results (see page 51), viz. 
that stannic chloride could dissolve in the black liquid 
phase . 
(ii) ~~~~~~~-~f-~!~~~~!~~!~!~~!~~· 
About 0.75 c.c. of a colourless liquid obtained by 
microdistillation of the black liquid in an apparatus of the 
type/ ... 
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type shown in figure 4, were stored in a sealed tube for 
several months in order to test whether decomposition of 
the material would take place. 
The sealed tube was transferred to the apparatus 
sho'wn in figure 12. Since the original receiver bulb, 
i.e., the sealed tube containing the liquid, was sealed 
under a pressure of about 15 mm., the entrapped air had to 
be removed before the apparatus could be sealed off from the 
pump. In order to avoid loss of any volatile material, 
each U-tube of the apparatus was cooled in a liquid air trap. 
The steel ball, S, was lifted out of its position by means 
of a strong magnet and dropped from increasing heights until 
it broke the capillary tube of the enclosed bulb. The air 
-6 inside was pumped out and the apparatus evacuated to 10 mm. 
Contrary to expectations, the liquid did not .distil freely, 
0 but when tube C was heated in a water-bath at 80 C., 
distillation was completed after a further period of two 
hours. When all traces of the liquid had been distilled 
into the U-tubes, the apparatus was sealed off at P and E. 
Before it was fractionated, all the volatile 
material was distilled into A by removing the liquid air trap2 
around the other U-tubes. This distillation required a 
shorter time than the previous one and no heating was 
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liquid, exposed in the U-tube, was the det~rmining faotor 
in the rate of distillation. The liquid in the vacuum 
sy9tem was fractionated by cooling u~tube A in a carbon 
tetrachloride bath at -23°0., U-tube B in an ether bath at 
-120°0. and tube F in a bath of liquid air. After twelve 
hours it was found that distillation had apparently stopped. 
When the cooling baths were removed, it was 
found that tube B contained a mobile colourless liquid, 
while the residue in A consisted of a drop of light-brown 
liquid, the r efractive index of which was 1.3741 at 25°0~ 
The sample in A was sealed off, and on analysis, showed that 
tin, chloride and perchlorate were present in the molar ratios 
S n : 0 1 : 0 10 4 = 1 • 0 : 1 • 7 : 1 6. 5 • 
The liquid in B was refractionated, but as it appeared to 
distil as a single substance, the total distillate was 
removed and used for analysis. Like the fraction in A, it 
was found to contain no silver, but tin, chloride and 
perchlorate were present in the mola~ ratios 
S n : 0 1 : 0 10 
4 
= 1 • 0 : 1 • 9 : 46. 8 • 
The large discrepancy between the values of tin 
and perchlorate in both the fractions, indicated that most of 
the material consisted of IIOlo4. As the total amount of tin 
found was very small, it seemed that during the original 
distillation most of the black liquid had decomposed to form 
perchlori cf ... 
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perchloric acid. It was concluded, therefore, that vacuum 
fractionation did not lead to the purification of the black 
lis_uid. 
(e) Discussion. 
'l'he methods of purification used were selected to 
det ermine wheth~r the black liquid, prepared from excess 
stannic chloride, consisted of a mixture of compounds and, 
if so, to separate these; in particular, evidence was sought 
for the possible presence of stannic chloro-perchlorates. 
Whil~ all the attempts at purification proved unsuccessful, 
considera"bh; evidence was obtained as to the composition of 
the black liquid. 
From the values of the refractive index of 
aqueous solutions of perchloric acid, Mazzucchelli, Vercillo 
and Pro( 8S,BG) calculated the value of the specific 
refraction ( 1•), of anhydrous perchloric acid at 25°0. to be 
0. 211 8 for the sodi urn D line. The work of van Wyk( 87) on 
the density of perchloric acid in vacuo gave the result 
20 n4 = 1.767 for 10o% HClo4 . 
When these values were used in the Gladstone formula 
r=(n-1)D-1 , 
it was calculated that the refractive index, n, of anhydrous 
perchlori c/ ... 
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perchloric acid was 1.3732. While by no means conclusive, 
this value is near enough to the value obtained for the 
liquid isolat ed by microfract:onation (see page 61), 
1.374, 1.3745, 1.3741, to indicate the presence of anhydrous 
perchloric acid. The agreement between the calculated and 
the experimental values for the refractive index would have 
been even closer had the density at 25°C. been available, 
but the difference between the densities at 20° and 25°C. 
was considered small enough not to affect the conclusions 
drawn. 
The value of the refractive index, the explosive 
nature of the distillate and the indications obtained from 
analytical results, taken together, pointed clearly to the 
presence of free perchloric acid in the black liquid. 
Throughout this investigation there were no 
indications that stannic chloro-perchlorates were present, 
but the vacuum fractionatioD resulted in the isolation of 
stannic chloride and benzen0 . It appeared, therefore, that 
when the black liquid was prepared from excess stannic 
chloride, some stannic chloride dissolved into it in the 
same way as silver perchlorate did when that compound was 
used in excess during the preparation. 
' The appearance of a volatile crystalline compound 
during microfractionation was considered very significant, 
since/ •.• 
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since this was the first sign that a pure material had been 
isolated. Whereas all the reagents were either liquids 
or non-volatile solids, a volatile solid could only have been 
a pPoduct of the reaction. A similar volatile solid was 
isolated during the investigations of the heterogeneous 
reaction between stannic chloride vapour and solid silver 
perchlorate (S ection E) and was proved by analysis to be 
stannic perchlorate. It was accordingly assumed that the 
crystalline mqterial that formed in this case was also 
stannic perchlorate. 
It was therefore concluded that the black liquid 
phase was a mixture, the constituents of which depended on 
whether excess .silver perchlorat e or stannic chloride was 
used in the reaction. In t he presence of excess silver 
perchlorat e, the black liquid contained silver perchlorate, 
stannic perchlorate and b enzene ~ while with excess stannic 
chloride, j_ t contained st aDnic ch loride, stannic perchlorate, 
free perchloric acid and benzenG. 
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PAAT 3 
THE INVESTIGATION OF THE BENZENE PHASE 
AND THE SOLID PHASE 
In addition to the black liquid phase, two other 
phases were present in the mixture obtained from the reaction 
between stannic chloride and silver perchlorate in benzene, 
viz. the benzene phase and the solid phase. While the more 
detailed investi~ations of the black liquid phase were 
proceeding, a systematic search was made for other reaction 
products in both these phases. 
(a) The benzene phase. 
The benzene phase invariably contained unreacted 
material which had to be removed before further investigations 
could be carried out. When stannic chloride was in excess, 
it was remove d by extraction with aqueous sodium hydroxide, 
while excess silver perchlorate was extracted with water. 
The residual benzene solution was evaporated just to dryness 
on a water-bath. A small amount of brown residue, obtained 
in each case, could not be identified except to prove it to 
be organic. It had an odour very much like that of the 
chlorinated phenols but, nevertheless, gave negative results 
for/ ..• 
- 71 -
for the tests both for chlorine and phenol. Despite 
numerous repetitions, the amount of material obtained was 
so small that even partial identification was impossible. 
It was therefore concluded that the benzene phase contained 
an unknown organic compound which was either present in 
very small quantities or was sufficiently volatile to escape 
with the benzene during the evaporation. 
(b) The solid phase. 
Analysis of the. solid phase showed that the silver 
chloride content was between 98 and 10o%, but when attempts 
were made to separate the total precipitate from the original 
reaction mixture, it was found impossible to remove the 
black liquid completely. When, however, the precipitate 
was centrifuge d for a long time, the black liquid formed an 
ill-define d layer above the precipitate, so that the lower 
portion of the precipitate was free from black liquid and 
could be used for further inve stigation. 
Successive extractions of the precipitate with 
various solvents in order of increasing dipole moment were 
made , starting with benzene or carbon tetrachloride and 
ending with aqueous solutions of acids and alkalis. Each 
extract was carefully evaporated to dryness under reduced 
pressure, but only the ether and the alcohol extracts were 
founQ/ ••• 
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found to contain dissolved sub'stances .•.. A very small amount 
of a crystalline solid was obtained from each of these 
extracts, but could not be ident ifiei. , It was found that 
the urystalline material was organic. On heating, the 
mater•ial b egan to char at 58 - 62°C. , and had completely 
charr ed at 110°C. At n o stage during heating could melting 
be observed. An attempt to identify the crystalline 
compound by means of its absorption curve failed, as no 
absorption peaks were r egistered - only a slight irregularity 
at 272 ~u was n oted. The i n strument that was used was a 
Beckman model DU quartz spectrophotometer and measurements 
wer e taken over the whole range 200 - 1000 mp. 
It was therefore concluded that the ·solid phase, 
which consist ed mainly of silver chloridet contained small 
quantities of unidentified organi c materials. It was 
considered likely that these materials were formed by . side 




THE DETERMINATION OF THE REACTION RATIO 
As a result of the different values obtained for 
the ratio of perchlorate to tin in previous experiments, it 
was necessary to determine the number of moles of silver 
perchlorate that reacted with stannic chloride. This value 
was termed the "reaction ratio" and was defined as the number 
of moles of silver · perchlorate removed from the benzene 
phase, per mole of stannic chloride, in contradistinction to 
the "initial ratio';, which represented the number of moles 
of silver perchlorate originally dissolved in benzene, per 
mole of stannic chloride. The first determination Was 
carried out on a single preparation to investigate whether 
any change took place over a period of time. Several other 
determinations were made, using relatively large quantities 
of reagents, in order to obtain a sufficient yield of black 
liquid for analysis, while later experiments were carried out 
on smaller samples to investigate the effect of different 
initial ratios on the reaction ratio. 
The/ ••. 
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The reaction ratio in the presence of excess 
silver perchlorate. 
(a) First det ermination- the effect of time 
on the reaction ratio. 
A known weight of stannic chloride (0.4445 g.) was 
added to a known volume, 205.3 c. c., of benzene containing 
4.2284 g. silver perchlorate. The initial ratio, calculated 
from the weights of the reagents used, was 11.95, which 
showed that there was a large excess of silver perchlorate. 
Precipitation took place as soon as the stannic chloride was 
introduced, but the reaction mixture was not allowed to 
stand until the precipitate had settled. Periodically 
aliquots of the benzene phase were removed for titration to 
det ermine the change in the silver content of the solution. 
The r esults of the experiment are given in table 4 below. 
The v a lues listed in the secon d column correspond to the 
total decrease in the silver perchlorate content of the 
whole b enzene phase. 
The first sample, drawn after 5 minutes, was the 
only aliquot which contained any appreciable amount of silver 
chloride in suspension. Before titration, this silver 
chloride was filt ered off and found to weigh 0.0050 g. While 
most of the precipitate was probably suspended in the benzene 
at the time the sample was drawn, it was possible that some 
silver/ ... 
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silver chloride formed during the time taken to remove the 
aliquot sample. On the asgumption that all the silver 
chloride had formed in the sampling vessel, it was calculated 
that the decrease in the silver content of the whole benzene 
phase led to a lowering of the value of the reaction ratio 
by about 0.18. It appeared, therefore, that the con-
centration of silver perchlorate in the benzene was still 
decreasing at an appreciable rate after about 5 minutes, but 
that after 30 minutes an approximately constant level had 
been reached. 
Table 4 
First determination of reaction ratio 
Time a:fter Weight AgClo
4 Reaction Ratio I initiation used moles AgC104 : moles SnC14 i hr. min. g. 
5 1. 714 4.85 
30 1. 778 5.03 
32 1. 772 5.01 
1 3 1. 789 5.06 
1 5 1. 778 5.03 
2 0 1. 784 5.04 
2 5 1. 784 5.04 
23 50 1. 796 5. 08 
23 56 1. 796 5.08 
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It was observed that after nearly 23 hours the 
value of the reaction ratio had risen from 5.03 to 5.08. 
This indicated that during t he period of standing, some silver 
perchlorate had been removed from the b enzene solution. Such 
a decrease in the silver content of the benzene phase could 
have been due to a gradual distribution of silver perchlorate 
between the benzene and the black liquid, and would have 
resulted in the accumulation of unreacted silver perchlorate 
in the latt er. Consequently,. the black liquid was separated 
from the r eaction mixture, weighed into chloride-free sodium 
hydroxide an d used for analysis. Silver and tin were 
det ermined by the sulphide procedure and perchlorate by 
tit anous r eduction and titration with thiocyanate. No 
chloride was det ected in the black liquid. The analytical 
r esults showe d that the atomic ratio of tin, silver and 
perchlorate was 
Sn : Ag 0104 = 1. 00: 1.02 : 4.99, 
and. could have been explained by the formation of an 
equi JT.o::l..e8ular mixture of two perchlorates, that of tin, 
Sn(Clo4)4,and that of silver, AgClo4, together with an 
un.de t eJ.•mined amount of benzene . The analytical value for 
the r a tio of pe rch lorate to tin (4.99) did not differ much 
from the va lue cf the reaction ratio (5.08). 
The r esults showed that although the value of the 
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reaction ratio increased slowly on standing, there was very 
little difference between the values obtained after 2 and 
after 23 hours. In later determinations the mixture was 
therefore allowed to stand for at least 2 hours before any 
aliquot portions were removed for titration. 
(b) Second and third determinations - the effect 
of time on the silver perchlorate cont ent of 
the black liquid. 
As it was more convenient to weigh the benzene, 
the s e cond determination was carried out with a weighed 
amount of b enzene . The density of the solvent at the 
0 require d t emperature of t C. was calculated from the equation 
d~ = 0.9005-1.0636x1 0 -3t-0.0376x10-6t 2-2.213x10~9 t~ 
where t he ~onstants were those determined by Biron(BB) and 
b 
, .. ( 89 \; 
· r o·l ·J ~ Ll' · u J4 . .L.l s , F~om the weight of the reagents used, the 
i nitial r ati ~ ) W J. E calculat e ri to be 6. 90. After the 
addi t5 o'.'"'. o:L' s t 8.n':l.i. c chloride , the mixture was allowed to 
st cJ.~·l .for () hourG and during the following 2 hours aliquots 
wer e ~ 8~ovc d every 30 minut e s for titration with thiocyanate. 
r ·~ vn s i'uund. th9.t. during this period the reaction ratio 
A1Jo1.:.:.t a we ek A.fter its preparation, the black 
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- 78 -
liquid was removed fr om t he r eaction mixtur e and analysed. 
Tin and silver we r e de t ermine d by the sulphide procedure, 
as b efor e , but the perchlor ate cont ent wa s found by 
precipita tion of nitron perchlorat e . No chloride was 
de t ected. The analytica l r esults gave the r atio 
Sn : Ag: 0104 = 1.00: 1.87: 5.78 
which could h ave been obt a ined from a mixture of stannic 
perchlorat e and silver perchlorat e i n the ratio of 1 : 1~8 . . 
The r ati o of pe rchlorat e to tin f ound analytically 
(5.78) wa s very much hi gher than the value of the r eaction 
r a tio ( 4. 86). The increa se in the number of moles of 
perchlorat e t o ev er y mole of tin in the black liquid 
strengthened the earlier vi ew tha t silver perchlora te 
di s solve d i n the b lack liquid during the time it wa s stored. 
Conclusive proof of the solubility of silve r 
perch l or at e i n the bla ck liquid was obtained in the third 
de t e~ffiina ti on of t he r eacti on ratio. With an initial ratio 
of' 13. 60 , the r eac•, ion r a t io was found to b e 5.27. The 
~eacti on mixture w~s then centrifuged and l eft to stand in 
the r cGCJtjon tube fo r s ever al weeks. After this time the 
"bla <.;k j_~._qu .i d was f .)und to cont a in a cryst alline mat erial 
whl eh pr· oved t o be s ilver p erchlorat e . The isolation of 
Lhl s <.;ompc. 1md cJ.eai' ly showed tha t, on standing, the black 
l i qui d gr tt duall;r ext r acte d silver perchlorate from the 
benzene pha se . 
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(c) Fourth de termination- small excess of 
silve r p erchlora te, 
A fourth determination of the reaction ratio was 
made by dissolving 4.63 mole s of silver perchlora te in 
benzene and allowing it to react with 1 mole of stannic 
chloride. After the reaction mixture had been left to 
stand for several hours, the supernatant liquid was analysed 
as before. The value of the reaction ratio was found to 
be 4.14. Analysis of the black liquid gave the ratio 
Sn : Ag: 010
4 
= 1.00 : 0.18 : 4.18. 
The analytical ratio of perchlorate to tin agreed 
with the r e action r atio. Since very little delay occurred 
be tween the de t ermination of the reaction ratio and the 
analysis of the black liquid, the agreement between these 
two r eault s c onfirmed that the black liquid consisted of a 
mixtur e r f st annic perchlora te and silver perchlorate, even 
i n t~e presen~e of a small excess of silver perchlorate. 
It shor>l d b e :!;)oin·se d out that, as was the case in earlier 
e.naJy;:; e s ( s e e P art 2), the total material accounted for 
anal yt i l:ally wa s of the order of 7Wo. The remaini ng 3o% 




Determination of reaction ratio in excess stannic chloride 
I 




55 2.133 2.98 
I 
1 35 I 2.124 2.99 
1 45 I 2. 131 2.98 
2 30 2.120 2.99 
2 45 2.126 2.99 
3 0 2. 127 2. 98 
7 30 2.125 2.99 
I 23 0 2. 11 9 3.00 
I 23 30 2.127 2.98 
Th P- :i:' act that the value of the reaction ratio did 
not c:r.ange wt ·th time indicat ed that equilibrium between the 
stanni~ cl1lori0.(; in the b enzene phase and that dissolved 
1n the black liquid was attained faster than was the case 
wi th e ilver perchlorate. The above experiment therefore 
ju:::t~!'ied t he assumption made in Part 2 that the rate of 
dj st r:Lbuticn of s tsnnic chloride between the black liquid 
and the benzene phase was greater than that of silver 
per chlor a t e . 
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The low value pointed to the dissolution of 
unreacted SnC14 in the black liquid, This assumption was 
tested by analysis, the results of which showed that no 
silver was present and that the atomic ratio of tin, chloride 
and perchlorate was 
Sn: Cl: Clo4 = 1.00: 1.94: 3.02. 
Although the ratio of perchlorate to tin, obtained 
analytically, apparently agreed with the reaction ratio, the 
agreement was misleading because:-
(i) the presence 0f chloride confirmed that some 
unreacted stannic . chloride was dissolved in the black 
liquid, and 
(ii) the difference between the anion and cation 
concentrations indicated that the black liquid contained 
free perchloric acid, 
The presence of both these compounds was in 
agreement with earlier observations (see Part 2), 
Multiple determinations - the effect of the initial ratio, 
To complete the investigation of the reaction ratio, 
a series of determinations was made with varying initial 
ratios. Known volumes of standard solutions of stannic 
chloride and silver perchlorate in benzene were mixed in 
different/ •.. 
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different proportions, but the total volume of each reactio~ 
mixture was about 40 c.c. When the reagents had been added, 
the mixtures were left to stand for about 2 hours, after 
which two 10 c.c. aliquots of the benzene solution were 
removed and titrated by the Volhard method to determine 
the excess silver or chloride content. It was assumed that 
no change in volume occurred when the two standard solutions 
were originally mixed. No att empt was made to analyse the 
small amount of black liquid formed in each reaction mixture. 
The results obtained for the determinations are 
given in table 6 and the variation of the "reaction ratio" 
with "initial ratio" is shown graphically in figure 13. 
The lower part of table 6 lists the corresponding values 
for the 5 determinations detailed in the preceding paragraphs. 
Whereas it was theoretically expected that the 
reaction ratio should be constant and independent of the 
initial ratio, it was found that the reaction ratio varied 
continuously, and depended on the relative concentrations 
in which the reagents were mixed. This surprising 
observation confirmed that no single reaction could account 
for all the experimental evidence that had been noted in 
connection with the reaction between stannic chloride and 
silver perchlorate in benzene. The result did, however, 
explain the inconsistency of the composition of the black 
liquiq/ .•• 
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liquid (see table 3) as each sample of liquid was prepared 
using different initial r atios. 
Table 6 
The effect of "initial ratio" on the "reaction ratio" 
I Weight l Weight : I 
I Expt. No. Snc14 i AgJ104 ! Initial Ratio i Reaction Ratio 
I 
I I 
g. : g ; i : • l ! 
B1 0.0952 i 0. 9186 ! 1 2.13 5. 10 
I l 
8.77 4.76 B3 0,12981 0.9057 i 
B4 0 • 1 55 9 0 • 7 60 7 ! 6.13 4.43 
I I 
B5 0.172910.58751 4.27 4.05 
B6 0.2442 ! 0.7324 1 3.77 3.9~ 
B7 o. 1 887 I o. 5o1 6 1 3.34 3. 81 
B8 I I 2.45 3.47 0. 1 985 ! 0. 3871 1 
B10 0.3514 : 0.4136 i 1. 48 2.84 
: I 
I : 
B12 0.3218 l 0.3175 ! 1. 24 2.44 
I I 
I I I I I I 
4.2284 1 1 I 11 • 95 5.08 0.44451 
2 1 • 1 658 1 6.4221 i 6.90 4.86 
o. 6001 1 




7. 4802 ! 4.63 4.14 2.02821 





Initial ratio AgCJ04 : SnCI. 
2 3 4 5 6 7 8 9 10 II 12 13 14 IS 
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It was of interest that the curve (figure 13), 
passed through the point ( 4,1+). This showed that, when 
exactly equivalent proportions of silver perchlorate and 
stannic chloride were mixed, both were simultaneously 
removed from solution. Consequently, in the absence of any 
excess reagent it is likely that the main reaction proceeds 
according to the equation 
4AgC104 + Snc14 ---+ 4AgCl + Sn(Clo4) 4 • 
Furthermore it is likely that this is the main reaction in all 
cases and that the complexities are due to side reactions and 
secondary reactions involving the solvent, the stannic 
perchlorate formed or the excess reagent present in the 
reaction mixture. 
In the case of excess silver perchlorate, the 
shape of the curve is that expected for the absorption of 
this reagent by the black liquid and is in agreement with 
earlier analyses which indicated that the black liquid was 
a mixture of the stannic and silver perchlorates. A similar 
argument could be applied to the case of excess stannic 
chloride, but here the observed analytical values could 
not be used as a guide since they also indicated the presence 
of fr e e perchloric acid. It would therefore appear that 
subsequent to the main reaction, a secondary reaction took 
place and finally led to the decomposition of the stannic 
perchlorate/ ..• 
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perchlorate, As decomposition took place only in the 
presence of excess stannic chloride, it is possible that the 
stannic chloride effected decomposition of the perchlorate 
by some unknown mechanism possibly of the Friedel-Crafts 
type, involving reaction with benzene, but no experimental 
evidence was available to test this possibility. 
The results of the investigation of the reaction 
ratio thus served as confirmation of some observed results 





All the experiments discussed in the preceding 
parts of this section showed that the products of the 
re action between stannic chloride and silver perchlorate in 
benzene varied, and depended on whether stannic chloride or 
silver perchlora te was use d in excess. In either case, the 
addition of stannic chloride to a solution of silver 
perchlorat e in benzene produced a mixture consisting of three 
phases, a b enz ene phase which contained the exce ss reagent, 
a solid pha se which consisted almost entirely of silver 
chloride, and a black liq_uid which contained the principal 
products of the reaction. I n vi ew of the presence of the 
black liq_uid, q_uantitative separation of the silver chloride 
wa s found t o be impossible. 
The mairi inve stigations were carri ed out in an 
attempt to ascertain the composition of the black liq_uid. 
Analysis could only indicat e the atomic ratios of the 
constituent elements and radicals, but could not give any 
information as to the nature of the various compounds 
present togethe r in the black liq_uid. 
(a) The/ ... 
- 88 -
(a) The reaction in excess silver perchlorate. 
\ 
Whenever the reaction was carried out in the 
presence of excess silver perchlorate, the black liquid was 
shown by analysis to consist of a mixture of benzene, silver 
perchlorate and stannic perchlorate. This view was 
strengthened by the determination of the reaction ratio, 
i.e., the determination of the number of moles of silver 
perchlorate removed from the benzene phase per mole of etannic 
chloride. The values of the reaction ratio depended on 
the initial ratio, i.e., oh the number of moles of silver 
perchlorate originally added per mole of stannic chloride. 
Although the reaction ratio increased with initial ratio, 
the increase was due to the absorption of unreacted silver 
perchlorate by the black liquid. It appeared that, in the 
presence of excess silver perchlorate, the reaction was a 
straightforward one, according to the reaction · 
(b) The reaction in excess stannic chloride. 
Unlike the case of excess silver perchlorate, the 
reaction in excess stannic chloride presented serious 
complications. The most important of these was that the 
analysis of the black liquid showed it to contain more 
ani one/ •.. 
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anions, chloride and perchlorate, than could be accounted 
for by the equivalent concentration of tin. The difference 
bet ween the anion and cation concentrations was assumed to 
have be en made up by hydrogen ion s pr e sent in the form of 
free perchloric acid. While this free perchloric a cid was 
not isolated and identified, numerous indications as to its 
presence justified the above assumption. 
As the formation of perchloric acid would, of 
necessity, have involve d re action with benzene, the only 
compound c ont a ining hydrogen, it was expected that some 
organic compound would form, but no such compound was found. 
It should be noted, however, that during the i nvest i gation of 
the benzene phase and the solid phase (Part 3) unidentified 
organic compounds were isolat ed. 
The determination of the r eaction ratio showed 
that as the relative amount of stannic chloride in the 
reaction mixture incre ased, s o also did the amount of stannic 
chloride remov e d from the benzene phase. This observation 
confirmed that stannic chloride dissolved in the black 
liquid, a result which was corroborated by analytical 
evidence and by the actual isolation of unreact e d stannic 
chloride from a sample of the black liquid. 
A strong indication that stannic perchlorate had 
been prepared, was obtained when a small sample of distillate 
cryst alliseq/ .... 
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crystallised to fine white needles. This crystalline 
compound was volatile and could only have been a reaction 
product. In Section E the isolation bf a similar crystalline 
compound., consisting of fine white needles, was effected by 
distillation techniques and was proved by analysis to be 
stannic perchlorate. 
It should be emphasised tha t all these experiments 
were carried out under strictly anhydrous conditions. Most 
o~ the experimental difficulties arose from the necessity 
of excluding all moisture, as even traces of wat er interfered 
with the r eaction. In the light of this knowledge it is 
clear that ¢sterud and Prytz(39) could not have prepare d 
stannic perchlorate by their use of aqueous perchloric acid. 
SECTION D 
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REACTION IN ETHER 
Description of the apparatus. 
The apparatus that was used is shqwn in figure 14. 
Dry ether was poured onto a thick layer of solid phosphorus 
pentoxide in each of two 500 c.c. round-bottomed flasks, 
A and B. Anhydrous stannic chloride was prepared by the 
method outlined in Section A and was contained in a sealed 
tube which narrowed down to a fine capillary. This tube 
was placed, capillary downwards, into an L-shaped tube, C. 
A steel bal~for breaking the capillary when the stannic 
chloride was required, was placed in C which was connected 
to aU-tube, D, i n to which the stannic chloride could be 
distilled. The combined system of A, c: and D was connected 
through a condenser to a separating funnel, E, protected 
from atmospheric moisture by a bulb of phosphorus pentoxide. 
B was similarly connected to a separating funnel, F; 
The two separating funnels fitted into the limbs 
of a Y-shaped tube, the lower end of which passed through a 
large rubber stopper. A filter stick, H, joined to two 
small U-tubes, L, also passed through the rubber stopper~ 
L was connected to a large round-bottomed trap, M, which in 
turn, was joined to a two-necked flask, N. A vacuum 






vacuum apparatus shown in figure 2 by means of the tube X. 
· A trap, R, separated P from the other yacuum system. The 
reaction vessel, G, which was protected by bulbs containing 
phosphorus pentoxide, J, and calcium chloride, K, separated 
by a vacuum tap, could be fitted onto the rubber stopper in 
such a way that the filter stick, H, just fitted into the 
cavity at the bottom of the tube. 
The reaction in ether. 
Anhydrous silver perchlorate was placed in G and 
after the outlets to the air were sealed, the whole apparatus 
(figure 14) was evacuated • . The vessel G, containing the 
silver perchlorate, was then immersed in a glycerol bath 
0 at 120 c. and kept at that temperature for several hours 
to drive off any moisture that had been absorbed by the 
salt~ During this time, the ether in A and B was kept 
frozen in liquid air to prevent loss by distillation. When 
all traces of moisture had been removed from the system, dry 
air was introduced into the apparatus. The sealed 
phosphorus pentoxide tubes above E and F were opened and the 
cooling trap around the ether bulb, B, was removed. 
The capillary sealed tube in C was now broken by 
the steel ball externally controlled by a magnet, and the 
stannic chloride was distilled into D. When all the stannic 
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chloride had been removed, the tube C was sealed off at 
the constriction. A glycerol bath was placed around D 
and heated to about 120°C. to distil stannic chloride, which 
condensed on the condenser walls and slowly drained into E. 
The ether distilled into E by placing a water-bath at 
0 45 - 50 C. around A. The condensed ether at first formed 
a solid complex with the stannic chloride droplets in the 
condenser, but further distillation of ether dissolved the 
complex. The ethereal solution of stannic chloride was 
kept in E. Simultaneously the ether from B was distilled 
into F. 
Before the ether was run into G it was necessary 
to open the tap between J and K, so that the displaced air 
could escape. At the same time a pressure had to be 
applied through X to prevent any ether from entering the 
filter stick, H. After the ether had been run onto the 
silver perchlorate the apparatus was gently tapped to 
produce a movement of the ether. This facilitated the 
dissolution of silver perchlorate. 
The tap of E was slowly opened and the stannic 
chloride solution was allowed to drip into G. As each 
drop fell into the solution a fine white precipitate formed, 
and was allowed to settle befnre the addition of further 
drops of the tin solution. In this way, it was possible 
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to stop the addition of stannic chloride when no further 
precipitation took place, and to ensure that only a small 
excess of stannic chloride was used, When this stage was 
reached, the pressure that had been applied at X was replaced 
by gentle suction which allowed the solution to be filtered 
slowly through H and to be collected in M. It was essential 
to filter the s~ution very slowly, since the silver chloride 
formed did not coagulate, but remained as a fine suspension 
in the ether. Even with slow filtration, however, a smali 
amount of silver chloride was carried over into M. After 
the reaction mixture had been filtered, ether from F was 
used to wash the residue in G. Several washes with 
relatively large volumes of ether were carried out, not 
only to wash the silver chloride in G free from ether-
soluble material, but also to ensure that no products 
remained in the long glass tube between H and M. 
After the wash liquid had been transferred toM, 
the receiver bulb was cooled in liquid air and liquid air 
traps were placed around the U-tubes at L to prevent ether 
vapour from coming in contact with the heated glass when 
the apparatus was sealed at the constriction~ 
Since the solution in M had carried over a small 
amount of silver chloride, it was necessary to distil the 
mixture from M to N, A liq~id air bath was placed 
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around N and the distillation proceeded smoothly for some 
time, but the ether 9 which had solidified on the upper walls 
of N, ultimately caused a bl0ckage in the neck of the flask 
and stopped the distillation. When this was observed, the 
liquid air bath was slightly lowered, b~t the pressure which 
had built up in M was sufficient to push some of the liquid 
from M right through the whole train into R and along X. 
This unfortunately resulted in small amounts of silver 
chloride being deposited in each U-tube and bulb of P. It 
therefore became impossible to recover the silver chloride 
quantitatively, and to obtain absolutely pure samples from 
later fractionations. 
From the studies of the reaction products formed 
in benzene, it was known that the reaction product was not 
sufficiently volatile to distil rapidly at -23°C. 
Consequently, carbon tetrachloride cooling baths at this 
temperature were kept around three of the U-tubes of P 
while the ether was pumped out of the system. When fuost 
of the ether had been removed, a small amount of liquid 
remained in N and in the first of the cooled U-tubes. 
Liquid air baths were placed around the last two U-tubes 
of P and after the vacuum system had been evacuated to 
10~6 mm., the apparatus was sealed off at the constriction 
in the tube X .. The product, condensed in the cooled bends, 
was fractionated. 
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The fractionation of the liquid product ••r a e carr.i.ed 
, out by cooling the liquid to -23°C. and allowing it to distil 
through traps at -45°C., -60°C. and -8o 0c. to a tube cooled in 
liquid air. Distillation was very slow, but after some 
time when it appeared that distillation had reached a low 
constant rate, the residual fraction was transferred to a 
bulb which was then sealed off. The same process was 
repeated until four fractions had been collected. The last 
I 
fraction was obtained by cooling the bulb in liquid air for 
a long time to condense all the volatile mat erial. 
The size of the fractions was purposely kept as 
small as possible since the experiments in benzene (Section C) 
had shown that the distilled r eaction product was highly 
explosive. 
Each sample was analysed for tin, silver, 
chloride and perchlorate. Since each fraction contained 
some solid material which had been blown through the 
apparatus, and since the solid material was assumed to be 
silver chloride, a small amount (equivalent to the silver 
content of each sample) was subtracted from the total 
chloride content. Although the use of such a correction 
presupposed that no silver was present in the form of 
volatile material, the assumption was justified by the fact 
that the reaction in benzene showed no distilled product to 
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contain silver. The r esults of the analyses of the fractions 
are given in table 7. The chloride content given is the 
value corrected for the presence of silver chloride~ 
Table ·7 
Analyses of fractions from reaction in ether 
I I Weight I I . . I 
% c 1 I % Cl04 1 % AgCl I % Ratio I No. fraction!% Sn I Total Sn:Cl:Clo4 I g. I ! I i I 
I ' ! i 
I 
I 1 0.1740 21.0 I o. 25 i 77. 9 
0.62 I 99.8 1 ~ 00:0.04: 4.43 i 
I 
I 
I I ! 
0 .0914 
I I 8.07 l 2 1 2. 7 
I 
0. 27 I 85.9 0.51 ! 99.4 1.00:0.07: 




' 3 o . 1 831 7. 40 I nil 91. 2 0.63 99.2 1 . 00: :14.7 - ' I I I 
4 I 0.2327 nil 94.6 0.17 99.3 1 • 00: :24.9 
I 
4.53 1 -
5 0. 1 671 2~22 1 nil 60.2 0.43 I 62.9 1. 00: - :32.4 i I 
The analyses of the fractions show an interesting 
trend in the r atio of tin to perchlorate. In all the 
fractions, there was an excess of anions, but the excess was 
least in the first fraction. Only the first two fractions 
contained chloride, which may have been due to the presence 
of a small amount of excess stannic chloride. The large 
excess of perchlorate clearly showed tha t perchloric acid 
had formed. On this basis it was deduced that stannic 
perchlorate decomposed to form perchloric acid. The 
hydrogen was presumably supplied by a small quantity of 
ether/ ••• 
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ether which constituted some 37% of the last fraction. 
Since each fractionation required ~bout 50 hours, it was 
feasible that decomposition would have become more pronounced 
as fractionation proceeded. As the ratio of perchlorate to 
tin in the first fraction was nearest to 4 : 1 , it was 
surmised that the main product of the initial reaction was 
probably stannic perchlorate. 
After fractionation, the silver chloride in the 
apparatus was removed and found to weigh 0.9154 g. From 
the original weight of silver perchlorate, 1.6012 g., and the 
analytical values given in table 7, it was possible to 
calculate that the recovery of perchlorate, based on the 
initial weight of silver perchlorate was 91-3%, while that 
based on the recovery of silver chloride was 83.o%. Since 
a small amount of material was lost as a result of the 
blockage during distillation, such a high percentage of 
recovery indicated that the silver perchlorate reacted 
quantitatively. This assumption was further strengthened 
by the fact that no unreacted silver perchlorate was detected. 




The ether appeared t o play a part in th9 over-all 
reaction, even though, as was the case in benzene, the 
reaction with the solvent was probably secondary to the 
main reaction. In view of the complications introduced 
by the presence of a soivent it was considered advisable to 
abandon this part of the investigation. 
SECTION E 
HETEROGENEOUS REACTION BETWEEN 
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HETEROGENEOUS REACTION BETWEEN 
STANNIC CHLORIDE VAPOUR AND SOLID SILVER PERCHLORATE 
Although a study of the reaction in benzene and in 
ether indicated the formation of stannic perchlorate, the 
pure material could not be isolated owing to interference 
by the solvent. In an effort to obtain a pure material, 
anhydrous stannic chloride vapour was repeatedly distilled 
through a plug of solid silver perchlorate. Reaction took 
place at the surface of the solid and the product was 
successfully separated from unreacted stannic chloride by 
repeated fractionation with a relatively small temperature 
difference between the distillation and receiver bulbs. 
While the fractionation did not result in a quantitative 
separation, a small amount of pure stannic perchlorate was 
isolated. 
Preliminary reaction. 
A small vacuum system, consisting of several 
U-tube s joined together, was used for the preliminary 
experiment. At the one end was a B 14 Quickfit socket into 
which a bulb containing stannic chloride could be fitted. 
The other end of the apparatus was attached to the pump. 
The second U-tube was packed with solid silver perchlorate 
and/ ... 
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and the two ends of the plug were cov8r ed with glass wool to 
prevent any solid from being wafted into another pa rt of the 
appara tus during the initLa l evacuation. After this tube 
had been sealed into position, a drying-tube of phosphorus 
pentoxide fitt ed with a tap, was connected a t the joint a t 
the end of the train, and the apparatus evacuat e d. The 
silver perchlorate was dehydrated and last traces of moisture 
' -6 were removed by flaming the apparatus. · at 10 mm. pressure. 
After dry air had b e en allowed to enter the 
apparatus through a column of phosphorus pentoxide, the 
phosphorus pentoxide column was replaced by a weighed bulb 
cont aining purified stannic chloride and the syst em once 
more evacuated. Some stannic chloride was distilled into 
the apparatus through the tap and ground glass joint and 
condensed in the first U-tube . When sufficient stannic 
chloride had b een introduced, the tube wa s sealed off to 
r emove lubricated parts fr om the system. The bulb was 
weighed t o de termine the weight of stannic chloride that had 
been introduced into the apparatus. It was noticed that, 
even in the short time required for the distillation of 
stannic chloride, the grease at the tap was dRrkened. 
Since the interaction of tap grease and st annic chloride 
could produce hydrogen chloride, it was decided to eliminate 
the use of a tap from l a ter experiments. 
The/ •.• 
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The stannic chloride was distilled through the 
silver perchlorate plug 19 times. While at first no change 
was observed, it was noticed, in the later distillations, 
when only a small drop of liquid remained, that crystal-
lisation occurred before the last trace of liquid volatilized. 
After distillation backwards and forwards for 12 days, the 
volatile ma terial was distilled into a U-tube at the end of 
the train and the tube containing the silver perchlorate 
was sea led off. The volatile matter was then fractionated 
and four approximately equal volumes of liquid were 
collected. Analysis showed that, although each fraction 
consisted mainly of stannic chloride, a small amount of 
perchlorate could be detected. In the presence of 
relatively large quantities of stannic chloride, the 
experimental error in determining small amounts of 
perchlorate was very great. It was significant, however, 
tha t perchlorate was det ected in the volatile fractions. 
Another significant fact was that, although the silver 
perchlorate plug contained no tin, it was found to contain 
0.1051 g. of silver chloride. The analytical figures for 
the volatile fractions showed no discrepancy between the 
anion and cation contents, which indicated that the product 
consisted only of stannic chloride and a perchlorate of tin. 




Quantitative investigati on of the het er ogeneous r eaction 
A vacuum train, similar t o the one used above, 
was set up to investigate the int eraction between stannic 
chloride vapour and solid silver perchlorate. This 
apparatus differed from the previous one by the inclusion of 
small bulbs next to e ach U-tube of the train in order that 
the fractions might be sealed off in the bulbs instead of in 
the U-tubes. Another difference was tha t no tap was used 
for introducing the stannic chlqride. Instead, the stannic 
chloride wa s distilled into a small bulb with a long, 
thin-walled neck. A short length of pressure tubing fitted 
over the neck of the sealed bulb and connected it to the 
vacuum system. When the stannic chloride had to be 
introduced, the rubber tubing was bent to break the neck of 
the bulb. After stannic chloride had been distilled into 
the apparatus, the tube through which the distilla tion took 
place was sealed off and the glass fragments of the bulb 
weighed to det ermine the weight of stannic chloride that was 
used for the r eaction. The plug of silver perchlorate had 
be en prepared in the same way as before and the apparatus and 
silver perchlorate were dehydrated before the stannic chloride 
was introduced. 
When the st annic chloride had been distilled 
through the silver perchlorate more than 30 times, all the 
vol atilE/ .•. 
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volatile material was distilled into a U-tube and the 
silver perchlorate tube wa s sealed off. Its contents were 
dissolved in aqueous ammonia. No insoluble material was 
detect ed at this stage , so tha t it was unlikely that any 
tin wa s pre sent. The ammoniacal solution was car efully 
acidified with chloride-free nitric acid to precipitate 
silver chloride. This precipitate was filt ered, wa shed 
fre e from silver perchlorate and weighed. 
The volatile mat erials remaining in the apparatus 
were fractionated by repeated distillations from -23°C. to 
-35°C. into four fractions which were used for ana lysis. 
The tin, chloride and perchlorate contents of the fractions 
ar e given in t able 8 and are expressed in millimoles. The 
corrected r ati o of perchlorate to tin is the value that was 
obtained when allowance had been ma de for a quantity of tin, 
equiva lent to the chloride content, being present as stannic 
chloride. The percentage recovery of tin and chloride 
wa s calcula t ed from the we ight of st annic chloride introduced 
i nto the system, while the recovery of perchlorat e wa s 
ca lcula t ed from the silver perchlorate equivalent to the 
r ec overed weight of silver chloride. The results clearly 
show tha t stannic perchlorate, Sn(Clo4)4, formed in the 
r e_aetion and tha t two pure fr actions were isolated. 
Table 8/ •.• -
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Ana lysis of fr ~?_c ti on f::: . f£om f irst vapour r eaction 
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The introducti on of s t annic chloride i n the ab ove 
experiment wa s n ot entire ly s atisfact or y , since it wa s 
i mpossible to ensure tha t the i nner walls of the pre ssure 
tubi ng we re c omplete ly dehydra t e d. Cons equently, the 
exper i men t wa s r epeat e d i n a similar appar a tus, i nt o which 
the s t ann ic chloride wa s i ntroduced fr om a sea l ed capillary. 
The capillar y was i nsert ed i n an L-shaped tube and broken by 
means of a · stee l ba ll (see C, figure 14). In all experiment al 
de t a ils, the pr ocedur e used wa s the s ame a s that de scribed 
f or the f ormer experiment. The r esult s obt a ined a r e given 





















in t able 9. The value s for the tin, chloride and perchlorate 
contents are again expressed in millimoles. The correct ed 
r atio and the percentage recovery are calculated as before. 
At an early stage in the experiment it was observed that 
crysta lline mat erial in the form of long thin needles had 
formed. These crystals were separated as fractions 3 and 7 
and were analysed by micro methods. 
Table 9 
Analysis of fr actions from second vapour reaction 
Fraction I 








Sn I Cl 1 ClO 
milli- i milli- I mill~­
mole s I moles moles 
R t . I Corrected a 10 '! Ratio 
Sn:Cl:Cl04 I Clojsn 
2.584 
4. 807 








nil 1:3.96: - ! -
I 
ni 1 11 : 3. 91 : - I 
0 . 00308 ! 1: - :3. 95 i 
0.5766 11:3.72:0.281 
I I 
0.1612 !1 :3.62: 0 .38! 
0.5866 
0.0177 
1 : 1.87:2.13 
1 : - :4. 10 I 
! I 
/AgClo 4 plug ; I I 
o.2754 I o.s138
1 




I ' I Total i 
I r ecovered i 10.17 
! 
Total used! 10.39 










The analysis of the crystalline material. 
Since fractions 3 and 7 (see table 9) were 
crystalline samples, it may be of interest to record some 
of the analytical values in greater detail. The tin was 
determined polarographically and the perchlorat e by micro-
diffusion (see pages 126 and 134). For each of these two 
fractions five separate polarographic determinations of tin 
were carried out. The perchlorate values given are chosen 
at random from a larger number of analyses. In all, ten 
determinations of perchlorate were carried out on sample 3 
and fourteen on sample 7. The results agreed with each 
other, with an accuracy of better than 2%. Although four 
determinations of chloride were attempted for each fraction, 
no chloride could be detected by the microdiffusion method. 
The results are given in table 10. The unknown solution 
measured 20 c. c., 2 c. c. of which were made up to 5 c. c. for 
the polarographic determination. The tin and perchlorate 
va lues reported are calculated for the total original 
solution (see table 10). 
From these analytical results it was concluded 
that the volatile crystals that had been isolat e d were 
s ample s of pure stannic perchlorate. 
Table 10/ ••• 
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Table 10 
Analyses of the crystalline fractions 
~--------------.~------------~~ ----------~--------~------; 
1Polarogram step i 
I standard i I . . 
Polarogram 
(em.) 
step ; solution Sn ClOh i Ratio I 
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Attempts at increasing yield of stannic perchlorate. 
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perchlorate and the relatively large amounts of unreacted 
stannic chloride and silver perchlorate that remained, were 
due to the formation of silver chloride on the available 
surface/ ... 
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sur~ace o~ silver perchlorat e . Once this surface was 
covered, the reaction could no longer proceed. 
As a result, it was considered likely that a 
better yield of stannic perchlorate could be obtained if 
the silver perchlorate were deposited on a material with a 
large surface, instead of being used in the form of a plug. 
An experiment was carried out to test this assumption. 
(a) Description of apparatus. 
The apparatus that was used (figure 15) consisted 
essentially of five units separated from each other by 
capillary seals which could be broken when required by means 
. 
of suitably placed steel balls. The first of these units 
was a simple flask, A, which contained sodium-dried ether 
together with a thick layer of phosphorus pentoxide. Before 
the flask was stoppered, the ether was slightly warmed to 
displace as much of the air as possible. The second unit, 
joined to A by means of a capillary seal, B, consisted o~ a 
two-necked ~lask, C, and a bulb, E, into which anhydrous 
silver perchlorate had been placed. A sintered glass 
filter plate, F, was attached to the neck o~ E and sealed 
with a capillary seal, G. 
through the side-arm, D. 
This unit could be evacuated 
The silver perchlorate was heated to 120°C. and 
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kept at that temperature for over 6 hours under a pressure 
-6 of 5 x 10 mm., and, after it had been dehydrated, the 
outlet, D, was sealed off at the constriction. 
The third unit consisted essentially of a wide 
glass tube, H, packed with powdered asbestos. This asbestos 
had been purified by repeated extractions with boiling 
hydrochloric acid, after which it had been ignited to 
The glass tube had an inlet, J, at one end and 
was sealed onto a capillary seal, G, at the other. A tap 
was set in J to enable the column to be disconnected from the 
pumping system (not shown in the diagram). While this unit 
was being evacuated, the column H was heated to 250°C. by an 
external resistance furnace in order to dehydrate the 
asbestos. 
At a later stage the remaining units of the system 
were attached at Q and at N. The unit attached at Q 
consisted of two U-tubes and bulbs, R, and a large tube, S, 
into which a sealed capillary containing purified stannic 
chloride, had been placed. This system was evacuated to 
-6 10 mm., and sealed off at the constriction in T. A similar 
system, P, was attached at Nand included aU-tube, M, 
packed with solid anhydrous silver perchlorate to ensure 
that an excess of this salt was present in the subsequent 
reaction. 








(b) Experimental procedure. 
While the asbestos was being dehydrated, capillary 
B was broken by the steel ball to allow the ether to distil 
from A to C. When all the ether had been redistilled from 
C onto the silver perchlorate in E, the neck of tube C was 
sealed at the constriction. By gently tapping the apparatus, 
some silver perchlorate was dissolved in the ether. The 
whole apparatus, consisting of the second and the third 
0 units, was turned through 90 to allow the solution, which 
carried with it some undissolved silver perchlorate, to flow 
onto the filter plate, F. Capillary G, broken by the steel 
ball, had a ·very small cross-section so that the ethereal 
solution of silver perchlorate filtered slowly through F. 
The clear solution was allowed to run down the asbestos 
column, H. When the whole column had been wetted with the 
ethereal solution, the apparatus was tilted back to its 
original position. Bulb E was then cooled in liquid air 
to condense the ether that had been absorbed by the asbestos, 
with the result that the dissolved silver perchlorate was 
left deposited on the asbestos column. The process was 
repeated until most of the silver perchlorate had been 
transferred from E to H. 
The tap in J was opened and the ether was slowly 
pumped off from E through J into traps (now shown in the 
diagrarrl ... 
- 112 -
diagram) cooled in liquid air. During this pumping process, 
the air that had originally been trapped in A, was also 
-6 removed. The system was pumped down to 5 x 10 mm. and 
kept at the pressure for 3 hours before it was sealed at 
the constriction, K. 
The fourth and fifth units were now attached at 
Q and at N and after each part of the apparatus had been 
evacuated, the capillaries at Q and N were broken and the 
-6 whole system evacuated to 10 mm. through L. Pumping was 
continued for 37 hours to ensure the removal of all volatile 
materials. The system was finally sealed at the constriction 
in L. 
All the parts of the apparatus onto which silver 
salt had been desposited, were painted black to prevent 
decomposition by light. As soon as the stannic chloride 
capillary was broken, the reaction was started by distilling 
the stannic chloride through the asbestos column and the 
silver perchlorate plug into the train, P. Distillation 
was very slow; even after 4 days not all the stannic 
chloride had been condensed. After that period of time, the 
liquid was redistilled into T. 
Owing to a temporary shortage of liquid air, the 
bulb with condensate was allowed to stand at room temperature 
overnight, but by the following morning, no liquid could be 
seen/ ••• 
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seen in any part of the syst em. Since the weight of stannic 
chlorid~ tha t was used was more than sufficient to allow it 
to build up its own vapour pressure throughout the whole 
apparatus, it was expected tha t liquid would remain. As no 
liquid was found, it was considered that the asbestos column 
had absorbed the stannic chloride. When a liquid air bath 
was placed around the tube of P, distillation again proceeded 
normally. 
Since complete distillation required a long time, 
the operation was not carried out to completion every time, 
but, a s soon as sufficient material had been collected, 
distillation in the reverse direction was started. In this 
way stannic chloride was distilled backwards and forwards 
through the silver perchlorate about 25 times. It was 
noticed that after the fift eenth distillation, the first 
part of the condensat e was yellow or brownish. It appeared, 
ther efore, that a more volatile fraction, consisting of 
yellow mat erial, had formed. After the distillations were 
st opped, the second tube of P wa s cooled in liquid air and 
kept a t tha t temperature for 14 days. During that period a 
liquid air bath was periodically placed around the first 
tube of P to t e st whether distillation was still proceeding. 
Even after 14 days traces of condensate could still be 
observed in the first tube. When distillation was thought 
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to be nearly complet ed, a process of fractionation was 
begun. The more vola tile fraction of coloured material 
was sealed off first. It was not possible, however, to 
prevent any uncoloured material from distilling together with 
the yellow product. 
Fractionation was continued until four fractions 
had been obtained. The remaining volatile material was 
condensed in the first tube of R and partly fractionat e d 
into the second tube before being sealed off as fraction 5. 
Fraction 6 was the condensate that collected in the remaining 
bulb of R after having been cooled in liquid air for 23 days 
without interruption. At no time during the distillations 
or the fractionations was any volatile crystalline material 
observed. 
After the l ast fraction had been removed, the 
whole train, consisting of the units N-M-P, Q-R-S, C-E~F-G 
and H, was cut up and the various parts were washed with 
water to remove unreacted silver perchlorate, and with 
a lakli to dissolve any tin compounds. The asbestos column, 
H, was treated separately. The combined aqueous wash 
liquids and the alkaline solution were t e sted for the presence 
of tin but none was det ected. The column, H, which ha d been 
r emoved as a unit, was set vertically, and solvents were 
passed down it under suction to extract the several 
subst ance e( ... 
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subst ance s pre s ent. The first solvent used wa s water, to 
extra ct unreact ed silver perchlor at e and t o hydr olyse any 
tin compound . Although no wat er-soluble silver wa s found , 
the wa t er extract cont a ined a small amount of perchlora t e . 
The next s olvent that wa s used wa s aque ous ammon i a , to 
dissolve out silver chloride . This extract wa s a ci difi ed 
with chloride-free nitric acid to precipit a t e the dissolve d 
silver chloride and the r esidual solution was ana lysed for 
tin , chloride and perchlorate. The perchlorate cont ent 
was f ound by r epeat edly evaporating aliquot parts of the 
s oluti on with hydrochloric a cid to remove nitra t e , 
precipit a ting most of the chloride with silver sulphat e and 
de t ermin ing the perchlora t e colorimetrica lly by the methylene 
blue method( 92). The a sbe stos column wa s then elut e d 
sever a l time s with aqueous chloride-free s odium hydr oxide 
and fi na lly with concentra t e d hydr ochloric aci d. The l ast 
two e lutions and the r es i due on the column conta i ne d no 
silver. 
(c) Re sults. 
The r esults of t he analyse s of the vo l atile 
f r acti ons and of the vari ous wa sh liqui ds used on t he 
a sbe stos column ar e given in t able 11. The percent age 
r e covery of tin, chl ori de and perchlorat e we r e c alculat ed 
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The analytical results of the volatile fractions are 
much the same as those of previous experiments. There 
appeared to be no difference between the more volatile, 
yellow fraction and other fractions, so that no explanation 
for the yellow colour could be made. The exact nature of 
the material left on the asbestos column was also open to 
doubt. 
I 
Although it is clear, from the analytical values, 
that at least part of the tin was present as its perchlorate, 
some unreacted stannic chloride and silver perchlorate may 
have been present as well. The water treatment would then 
have converted the silver salt to its chloride without 
leaving any water-soluble silver compound. As a result, 
only the atomic ratio of the constituents could be calculated. 
The corresponding "corrected ratio", i.e. the ratio of 
perchlorat e to tin, when allowance had been made for a 
quantity of tin-equivalent to the total chloride content -
being present as stannic chloride, could also not be 
calculated. 
Although this experiment did not produce the 
expected large yield of stannic perchlorate, t~e results, 
together with those of previous experiments, clearly 





In the course of the experimental work it was 
necessary to determine one or more of silver, tin, chloride 
and perchlorate. Below are discussed the various analytical 
procedures that were used in this investigation. 
The determination of silver. 
When the silver content of a sample had to be 
det e rmined, several standard methods were available, viz. 
gravimetric determination by precipitation of silver chloride, 
volumetric determination by Mohr's method(53) or by the 
Volhard procedure(54) and the sulphide method. Frequently, 
the silver and perchlorate contents had to be determined in 
a single sample. When this was the case, the first-
mentioned method suffered from the disadvant age that an 
excess of chloride ha d to be added, which would have increased 
the error in the later analysis. This method was thus 
applicable only to a limited extent. 
Whereas volumetric procedures were faster than 
gravimetric ones, the Mohr titration could be carried out 
only in neutral solutions. Since frequently the solutions 
to be analysed had to be either distinctly alkaline or 
distinctly acid, this method was inapplicable. The Volhard 
ti tratiorv' ... 
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titration, which could be carried out in acid media, was, 
however, frequently used fop the determination of both 
silver and chloride. For standardisation both 'analar' 
sodium chloride and constant boiling hydrochloric acid were 
used as primary standards. 
The sulphide method. 
When the material under investigation contained 
silver and tin, both of which had to be determined in a 
single sample, the sulphide method was used. The sample 
was made alkaline with sodium hydroxide and saturated with 
hydrogen sulphide. The silver immediately formed the 
insoluble sulphide while the tin remained in solution. 
After the precipitate had been washed with sodium hydroxide 
to ensure complete removal of the tin, the silver sulphide 
was treated with nitric acid and heated to fumes several 
times until no more black particles of silver sulphide could 
be seen. The solution of silver nitrate was diluted and 
titrated with thiocyanate. 
When the silver was present as silver chloride, 
concentrated ammonia was used instead of sodium hydroxide. 
Under these circumstances, however, some tin co-precipitated 
a s the sulphide 9 but was removed when the precipitate was 
washed with sodium hydroxide. 
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Tests, using known weights of silver perchlorate 
and mixture s of known weights of silver chloride and 
hydrated crystalline stannic chloride, showed that the 
recovery of silver ranged from 99.6 to 100.o%. 
The determination of tin. 
The usual gravimetric procedures for the 
det ermination of tin involve precipitation of some tin 
compound, which is subsequently converted to the oxide by 
ignition. The precipitated compound may be metastannic 
acid formed by fuming the solution with nitric acid(SS), 
the cupferron complex, precipitated by the addition of an 
excess of an aqueous solution of cupferron in the presence 
of hydrochloric, boric and sulphuric acids(5G,57,5 8), and 
the hydrated oxide, when precipitated with ammonia at pH4. 
These methods were found unsuitable, however, for the 
det ermination of tin when the chloride and perchlorate 
contents had to be found in the same sample . On the other 
hand, the sulphide procedure, in which tin was precipitated 
as stannic sulphide, was often used since this method enabled 
both tin and silver to be determined together and the 
r emaining filtrate could be used for further analyses. 
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The sulphide method. 
When hydrogen sulphide is passed into an alkaline 
solution of a stannic compound, and the solution is 
subsequently acidified, stannic sulphide precipitates, and 
after filtration can be ignited and weighed as stannic 
oxide. In the absence of other metals of the sulphide 
group it is not necessary to separate tin by the fluoride 
procedure. Silver does not interfere. 
The main disadvantages of this method were 
firstly, that the sulphide precipitate was gelatinous, so 
the washing was difficult, and secondly, that sulphuric acid 
formed during the ignition. The acid could be removed by 
the addition of ammonium carbonate and re-igniting to constant 
weight, but the results were still high. After the residue 
had been he ated to const ant weight, the true weight of the 
stannic oxide could be determined by the method of Caley 
and Burford(59). When the residue containing stannic oxide 
and non-volatile impurities was heated over a moderate flame 
at about 450°0., with about 15 times its weight of ammonium 
iodide, and finally ignited to constant weight, the loss of 
we i ght due to the remova l of stannic iodide corresponded to 
the weight of pure f:t annic oxide in the original residue. 
The complete method outlined above, including the 
ammonium iodide treatment, was tried on various solutions 
of/ ••• 
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of tin made by dissolving wire in hydrochloric acid. The 
results of these test s showed that the recovery of tin 
amounted to 99.7 to 100. o% . 
Since the stannic sulphide was precipitated in a 
gelatinous form, it required many washes with dilute acid 
solutions. The first few washes were carried out by 
decantation, while later washes were made directly on the 
filter paper. The tedium of this method was balanced by 
the fact that none of the compounds added interfered with 
analyses that had to be carried out on the filtrate. The 
presence of chloride did not affect the results of the tin .. 
cont ent and the filtrate, after having been boiled to expel 
hydrogen sulphide, could be used for chloride or perchlorate 
analyses when these were required. 
When both silver and tin had to be determined in 
a single sample, the same procedure could be used for both 
met a ls. After the s olut i on had been made alkaline with 
sodium hydroxide , which had to be free from chloride if 
chloride analyses were tn be carried out on the filtrate, 
and s aturated with hydrogen sulphide 9 the silver sulphide 
was filtered off. On acidifying the filtrate with sulphuric 
acid, the st annic sulphide precipitated. 
The procedure, which had already b een tested for 
determining silver and tin individually, was test ed on 
samples/ ..• 
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samples containing both metals. The results of these tests 
are given in table 12. Samples 1, 2 and 3, prepared by 
dissolving a known weight of s:i.lver chloride in ammonia and 
adding to it a known weight of anhydrous stannic chloride, . 
were analysed for silver and tin. Samples 4, 5 and 6 were 
prepared by dissolving a known weight of stannic chloride in 
chloride-free sodium hydroxide and adding to it a solution 
of a known weight of silver chloride in ammonia. On mixing 
the solutions, a black precipitate of silver oxide formed, 
but this was not filtered off. Analyses of silver, tin and 
chloride were carried out on these samples. Samples 7 to 1 0 
were prepared by mixing a sodium hydroxide solution of a 
known weight of stannic chloride with an aqueous solution of 
a known we ight of silver perchlorate. The precipitate 
which formed when these two solutions were mixed was not 
filtered off. The samples were analysed for silver, tin, 
chloride and perchlorate. The results of these tests 
showed that the method was suitable for the determination 
of tin and silver even when the chloride and perchlorate 
contents also had to be found~ 
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TABLE 12 
Complete test of sulphide procedure 
I I . ----------------- -------, ---------·--------... 
i No j Weight used . Weight ~ecovered I ___! . Re~.?('-~-r..:...y-r----1 
! ·; Ag Sn 1 Cl l Cl04 Ag j Sn 1 Cl 1 c104 I Ag ; SD 1 Cl I C104 I 
I i g. ' g. . g. : g. i g. ! g. g. I g :__~-~·-·t·------- -:~ - ~ ----1---~ 
I 1 ! 0. 0915 j .1024 ! .1524 l - i • 09llj .1020 . ]_527 J - l 99 , 5·! 9). o i J.OO . 2 i I ; ) I l : I I . I 
i 2 ~1
1 .o787 j . . 1081! .255o j - ! .o786 ! .1075 .256o l - i -19 .9; 19 .5 !Joo .4 ! 
I t • ! I . I ' I I 
' 3 j' .1183 ; .14 30 ! . 2098 ! - l .1180 i .1426 • 21ol l - j' 99 .7 ! 99 . 7! 1oo .11 
I l : i j I i ! l 
4 I .1216 i .2124 : .2938 ! - i .1211 : .2116 .2937 1 - i 99 . 61 99 . 6! 1oo .o 
i I I l ! ! I I I 
5 I .11o81.1639j.23201 - : .11o7 1 .1628 .2323 · - 99 . 9 1 99.3 1oo.1 1 
6 1
1 
.1oo2!.13o8 l .1892 i - I .0998 ! .1306 .1892 - l 99 J,! 99 . 9j1oo .o 
! i I j . i I I I 
7 ,. .o983j.11091.1323' .0905!1 .0980 j' .1111 .1323 l .o9o1j 99. 7 !10o. 2 i 1oo .o j 99.6 
1
-
, I I ! l I i 
8 i .1048,.0908 ! .1085 .0966,.10491.0902 .1087 j .0966 100.1 91- 3j 100.2 ""l00.0 l 
9 1 .1007!.1085 ! .1295 .0926! .1oo6l .1084 .1297 !1 .0922! 99.9 99. 9 !1oo. 2 99.61 
' I I I l ' I I ! I I I 
10 .1073·11 .1218 1.1455 .0988! .1066 .1214 .1451 ! .0986, 99.3 99.7 ! 99.7 , 99.81 
. ,. I t l i I 




The volumetric determination of tin depends on 
the reduction of stannic to stannous tin and re-oxidation 
with a standard oxidising solution. 
Evans( 60) described an apparatus which could be 
used for the reduction of stannic solutions. Using this 
apparatus, it was possible to reduce the tin solution with 
nickel and hydrochlo~ic acid, according to the procedure 
given by Evans and Higgs( 61 ). It was found, however, that 
the greenish colour imparted to the solution by the nickel 
made the exact endpoint of the titration uncertain. 
Frankel( 62 ) recommended the use of aluminium and 
hydrochloric acid as reducing agent, without the necessity 
of using the Evans apparatus, but all the fragments of metal 
had to be dissolved before the titration. An atmosphere 
of carbon dioxide was maintained throughout the titration 
by dropping a few pieces of marble into the acid solution. 
The volumetric procedure has the advantage of 
speed, but since the presence of hydrochloric acid 
seriously affected the chloride and perchlorate analyses, 
the method was infrequently used. 
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The polarographic me thod. 
Lingane ( 66 , 67) r e commends the use of n orma l 
hydrochloric acid cont a ining 4N ammonium chlori de as the 
supporting e l ectrolyte f or tin de t erminations. Under 
the s e conditions two wave s are obta ined with half-wave 
pot enti a ls of - 0 .25 and -0.52 volts respectively. The use 
of the s econd wave is r ecommende d for ana lytical purposes. 
Small quantities of stannic tin can be det ermined 
polarographica lly in strong acid solutions which contain a 
l a r ge c oncentra tion of chloride( 63). In sulphuric or nitric 
acid t he tin is hydrolysed and precipit a t e s, while no 
r e duction wave wa s de t ect ed i n perchloric a cid( 64). If, 
howev er 9 so dium chloride is a dde d to the l a tter, a r eduction 
wave with a h a lf-wave potenti a l of -0.47 volts rela tive to 
the s t andard c a lome l e l ectrode is obt a ined( 65). This wave 
can b e us ed f or the quantita tive de termination of tin. 
The me tho d tha t wa s us ed for the determination of 
small g_mounts of tin wa s t ha t r e commende d by 
v on St acke lber g( 6S). The supporting e l ectrolyt e consisted 
of a 2N soluti on of perchloric acid cont a ining 0 .5N sodium 
chl oride . The appar a tus wa s an Heyrovsky-type polarograph 
and polar ogr a:ns wer e photogr aphically r e corded on 




3·70 c ms. 
I 
I 'I I . I 
I I ! .1 _ 1,1~ l--' ~I ~B 
L--rrr- I . I 
I I 1 . 
• I I I 







The method wa s t e sted by using a standard tin 
solution in 2N perchlor)_c acid and 0. 5N sodium chloride. 
It wa s found tha t the polarogram showed a sharp maximum, 
which was undesirable. As the ~ddition of cert a in dyes 
suppresse s pol arographic maxima , the action of nigrosine 
was tri e d. The addition of 1 ml. 1% aqueous nigrosine to 
250 ml. of the tin solution completely c;uppressed the maximum, 
without changing the he ight of the st ep , mea sured with an 
accuracy of 0.01 em. F igure 16 shows the effect of nigrosine. 
The r e liability of the procedure was test e d by 
obtaining polarograms of various dilut ed solutions. The 
r e sults of this t est ar e given in t able 13 and it can clearly 
be seen that the hei ght of the st ep wa s directly proportional 
t o the concentration of tin. 
Table 13 
Polarographic de t erminati on of diluted tin solution 
Concentration Height of St ep _Q_ ..h. c i h (em.) co ho I Molarity I 
i I 
~ 5. 80 X 10-3 (C ) 3.70 ( ho) 1 • 0 1 • 0 ! 
I 0 I 
1 2. 90 X 10-3 1. 85 0.500 0.500 I 
10-3 
I 
1. 45 0.93 0.250 o. 251 I X i 
1 o-3 
I 
1 .16 X 0 .75 0.200 o. 203 1 
7.25 X 10-4 0.46 0.125 I 0 .1 24 . 
It/ .•• 
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It was found that the polarograph could be used 
for concentrations of tin as low as 10-5 molar with an 
accuracy of about 2%. · This compared very favourably with 
other micro analyses. 
Det e rmination of chloride. 
The determination of chloride either by volumetric 
or gravimetric methods presented no difficulties. Under 
various conditions, the appropriate standard procedures 
could be applied. For the determination of micro quantities 
the rnicrodiffusion technique was used. 
Microdiffusion. 
Conway( 69 ) determined chlorides by oxidation to 
chlorine gas and by absorbing the gas in concentrated 
aqueous potassium iodide. The iodine which is liberated 
can be titrated with standard thiosulphate solution using 
starch as indicator. The recommended procedure for the 
oxidation is to acidify the measured volume of chloride 
solution with about 1 ml, 25% sulphuric acid and to add about 
1 g. solid potassium permanganate. 
The method was tested on standard sodium chloride 
solutions. It was found that the weight of potassium 
permanganate was not important as long as an excess was used. 
It/ ... 
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It wa s nece ssary, however, to grind the solid to a fine 
powder to f acilit a t e its solution in the acidifi ed liquid. 
'Anal ar' sulphuric acid fr ee from chloride,was use d, aft er 
dilution with distilled wat er. The potassium iodide 
absorben t and the starch indicator were freshly prepared 
solution s made from analytically pure substances. 
The chloride solution was measured from a micro-
burette into the Conway dish which was held a t an angle 
so a s to confine the solution to a small part of the outer 
COm!leli'tme:r: t, Sulphuric a cid wa s added to it but care was 
taken not t o we t the entire gla ss base. The pe rmanganate 
wa s car efully pla ced on a dry spot in the outer compartment. 
Abou"!; 1 rr..l. 2afo potassium iodide was placed in the inner 
compartment with the a id of a dropper. The edge of the 
Coaway dish and a ground plate were lubricated with a 
specially prepared gr ea s e , made by dissolving paraffin wax 
in l iquid paraffin a t 50 °C. and cooling the solution to 
room t emper ature, in order to close the Conway dish 
comple t e ly. Aft er the lid was in position the dish was 
car efully rotat ed so a s to dissolve the permanganate. It 
wa s e ssenti a l to avoid spilling any iodide into the outer 
compar•tment. The dish was l eft to stand for 2 hours, 
aft er which the iodine was titrated. Two blank deter-
minations wer e carried out with each batch of samples. 
To/ •. • 
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To account for the solubility of ehlorine in the 
sulphuric acid solution and for the back-diffusion of iodine, 
the result had to be multiplied by a factor of 1 .03( 69). 
This f actor probably included the personal error, and was 
det ormined before the method was used. Conway's value of 
1.03 was confirmed. All results recorded for the micro-
analysis were results that had been corrected by multiplying 
by this factor. 
The de t ermination of perchlorate presented serious 
difficulties since the usual procedures were not applicable~ 
FrG(J.'il ently the analysis had to be carried out in a solution 
containing a high concentr2tion of sodium sulphate. The 
pl·e 38nce o:f this salt introduced large errors in the 
perc;hlorat e ~on tent as found by precipitation of potassi urn 
p f..: r ~;hl orat e and ni tron perc:llorate( 71 '72). Reduction with 
a~~onium chloride(70) also led to high results. When, 
how-~ · ·, er, reduction was e:f:fected by ti tanous sulphate( 81 ) 
excoiJent results were obtai~ed. 
Small quantities o:f perchlorate could be determineo 
~olorimetrically with methylene blue(92). As this dye 
:forms an insoluble precipitate with perchlorates, the 
decrease o:f absorption of light at 6084 R, the wave-length 
of/ ..• 
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of maximum absorption of me thylene blue, could b e relat ed 
t o the con centration. At pH 2.5 it was found that r e sults 
could be r eproduced with an accuracy of 2%. 
Reduct_ion with ti tanous sulphate( 81 ). 
In the presence of sulphuric acid, titanous 
saJ.ts quantitatively r educe perchlorates to chlorides. 
Use can be made of this r educt ion to determine the perchlorate 
content by det ermining ei ther the chloride formed or the 
ti t e.rw-LJ.G ion t~at had oeen used up. Both methods were 
tri ed and. the former wa s found to be more convenient. 
Pure potassi ,En perchlorate, chloride-free 
per uhlori o acid and sil~er perchlorate were used to 
inve st i gat e this metho d. The titanous sulphat e was made 
by mi:x:lng 100 ml. cornrr ;::rcial 15% titanous sulphat e , which 
cont a ined 23% sulphuri c acid by weight, with 60 ml. 
con Gent.rat ed sLJ.lphuri (; acid and diluting the solution to 
.3.50 ml . with fr e shly ;:;oiled distilled water. A known 
Ne :.gt~t of perchlorat e was treated with sulphuric acid and 
ab m 1-:; 50 ml. , or abo11t double the theoretical amount of 
t~tanous sulphate solution. Aft er refluxing in an 
a tmospher e of carbon dioxide for 1 - 2 hours, the excess 
titaRous s al t wa s oxidised and the solution diluted to ·about 
L~o ml . with wa t er. Chloride was determined by the Volhard 
ti tratior/ ... 
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titration. Occasionally it was found that commercial 
titanous sulphate contained chloride as impurity. When 
such solutions were used, correction, allowing for this 
chloride, had to be made. 
The concentration of the sulphuric acid during 
the r eduction was an important factor. For complete 
reduction, a concentration of not less than 13N sulphuric 
acid was ne cessary. Under these conditions, reduction 
was complet e after refluxing for about an hour. 
A trap containing a solution of sodium hydroxide 
was connected to the top of the reflux condenser to prevent 
the loss of any hydrogen chloride or chlorine gas. There 
was no loss of chloride as long as the titanous was not 
comple tely oxidised. After all the titanous salts had 
been oxidised, the chloride concentration in the trap 
gradually increased owing to the removal of hydrogen 
chloride by the current of carbon dioxide. The chloride 
had therefore to be titrated soon after the removal of the 
excess titanous salts. 
Oxidation of titanous salts could not be carried 
out with nitric acid or hydrogen peroxide, since these 
would also oxidise the chloride and result in a low 
perchlorate value. The best way of removing the titanous 
sulphate was found to be the addition of an equivalent 
amount/ ••• 
- 133 -
amount of potassium permanganate. Methyl red was added 
just before the titanous was completely oxidised, to 
ensure the minimum loss of chlorine. The smallest excess 
of permanganate produced chlorine which irreversibly 
decolorised the methyl red. 
Analyses of potassium perchlorate and perchloric 
acid could be carried out directly on the sample, whiie in 
the case of silver perchlorate, it was necessary to remove 
the silver by boiling with a solution of chloride-free 
sodium hydroxide before proceeding with the analysis. The 
addition of relatively large amounts of sodium sulphate 
did not affect the result. 
The alternative procedure, the titration of 
titanous sulphate, also gave results corresponding to 
10o% reduction of perchlorate. The titanous solution 
was standardised with standard ferric ammonium sulphate 
solution using potassium thiocyanate as an indicator. 
During the titration the purple colour of the titanous 
solution gradually faded until, at the endpoint, the 
formation of red ferric thiocyanate could easily be detected. 
A known volume of standard titanous sulphate was used for 
the reduction, after which the excess was back-titrated 
with ferric ammonium sulphate. 
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The disadvantage of the alternative procedure was 
that the normality of the ~itanous solution changed 
appreciably from day to day so that it was necessary to 
restandardise the solutio~ every time before use~ 
New micro method for the ietermination of perchlorates. 
The micro determination of perchlorates, other 
than colorimetric methoda, are invariably gravimetric 
procedures . The absence of a reliable micro balance 
preoluded the use of these methods, so that an attempt was 
made to adapt the semi-rLicro volumetric procedure to the 
micro scale. 
In outline, the method consisted of four steps:-
(i) the reCuction of perchlorate to chloride 
with tit anous sulphate; 
(ii) the oxidation of titanous sulphate with 
excess potassium permanganate accompanied by the oxidation 
of the chloride to chlorine; 
(iii) the dif~usion of chlorine into concentrated 
po t assium iodide solution with the liberation of an 
equivalent amount of iodine; and, 




The complete analysis was carried out in a 
Widmark flask of about 100 c.c. capacity (figure 17). The 
perchlorat e solution was me ~ sured into the flask and washed 
down with fre shly boiled distilled water. A 25% solution 
of chlo ~ide-free sulphuric acid was used to acidify the 
mixtur A ana after the addi~ion of a measured volume of 
tit a~ous sulphate solution. the mixture was boiled for about 
30 minut e c to effect the r fduction of perchlorate. 
1Analar' pot ci ssi ~:m permanganate was ground to a 
fin e powder and about 1 g. was weighed into a little glass 
cup, D. The cup and it s Jontents were gently lowered into 
the tit anous solution. A:"'ter dropping a 2CP/o potassium 
iodide s olution into the ; up or the stopper, A, the stopper 
wa s pla c e ~ i n position unc ti ad down with elastic bands. 
Finall~l ~ the flask wa s ti "'.. t ed to upset dup B containing the 
permangan~t e powder. 
The mixture wa f.. a llowed to stand for 2 hours, during 
which +. ime chlorine diff' t",t> e d into the potassium iodide and 
liber &t e d iodine . The s topper was removed and the iodine 
in c ~lp A 'vas titrated d:l:::> ectly with sodium thiosulphate 
using a few drops of st arch solution as indicator. During 
the titration the mixture in cup A was stirred by a slow 
stream of a ir 1mbbles pumpe d through a fine capillary jet 






With each det ermination a blank was carried out 
with the s ame quantities of reagents, but with the 
perchlo~ate solution repla ced by an equal volume of water. 
As in the case of the microdiffusion method for 
the d0te~mination of chloride, the results had to be 
corrected by a factor to obtain the perchlorate content. 
The dete:rmi.nation of this factor showed that while good 
agreement could be obtained, values of the perchlorate 
contenl ·vi/e r e ocea sionally very high or very low, 
corre spoDatng to very Jaw and very high factors respeatively. 
Sowo r"~f th? r esu::i.t s of' the determination of this factor 
are given in t able 14. 
'I'h e s ource of these errors was soon found, but 
its corrrp:i.e te e liminati on was not possible. When 
perm~nganate was addeJ. to the titanous solution, the 
cxidat ion was s.ccompo.ni ed b;y~ an evolution of oxygen, which 
c.;; arr:u=; <.l a sp:ray of the o. .. ~ : -_d solution into the potassium 
iod!de. This ~~count e d rcr the very high results. By 
us:i.ng n larger ~;up to cont ain the permanganate and by 
tippt ng the powder in such a way that it lay between the 
wa ll or t he cu~ and the wall of the flask, the spray of acid 
was d.ireoted a•Nay from the iodide and consequently eliminated 
that source of arror. 
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The low results were found to be caused by t-he 
evolution of oxygen, which built up a sufficiently high 
pressure to lift the s t opper slightly. The oxygen whidh 
blew off carried with it some chlorine. After the pressure 
had been relieved in t his way, the rubber bands pulled the 
stopper back into posi t ion, making it impossible to teli, by 
inspection, whether the stopper had been opened or not~ To 
eliminate this error, attempts were made to redesign the 
apparatus to include a trap containing potassium iodide 
solution through which the oxygen could bubble. The attempts 
all failed. Modifications in the experimental procedures 
did not improve matters. An attempt was made to use a 
stream of nitrogen to carry all the chlorine over into 
potassium iodide, but this method introduced other serious 
sources of error. 
As a result of the difficulties involved, it was 
decided to use the m1crodiffusion method only when no other 
method could be used. In these cases a relatively large 
number of analyses were carried out so as to be able to 
distinguish between the real and apparent perchlorate 
contents. The results were corrected by the factor 
(mean value) given in table 14. It is felt that . this 
method of analysis holds considerable promise which would 
justify further investigation. 
Table 14/ ..• 
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Table 14 
Micro determination of perchlorate Determination of factor 
I w t. c 10 4 : w t • c 10 4 I 
1 added jl found 
mg. mg. 
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2.94 X Mean 
1. 06 factor 




0. 69 X I 
1. 06 
1. 05 
1. o6 I J 
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Table 15 
Analysis of silver perchlorate 
Method used Wt. AgClo4 used I Wt. AgClo4 found % Purity 
I 
Gravimetric 0.1350 ! 0.1343 99.49 I 




0.2198 0. 2190 99,63 




I 0. 1386 0.1388 100.1 
I i 0.1588 I 0. 1588 100 .0 I I I 
l 
0.1674 I 0.1 674 ' I I 100.0 ; I i 0.1737 0.1738 100. 1 I ! 
I I I 




I I Volumetric I 0.1947 0.1946 99 .• 95 I I 
(by Mohr) I 0.1 838 i 0.1 838 100.0 ! I j 0.2013 I 0. 2012 99.95 I I I i I 
I ! 
i 
I 0.1 607 I 0.1608 100.1 i I I 
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Table 15 ~(continued) 
' % Purity I : Method used Wt. Af!P 10 4 used Wt. AgClo4 found I 
: I 
' Volumetric o. 2025 0.2024 99.93 
(by Volhard) . . 0. 2813 0.2813 100.0 
0.2462 0.2460 99.91 
0.3104 0.3103 99.95 
0.1976 0,1977 100.0 
I 
0.2184 0. 21 83 99~95 
I 
Gravimetric I 0,11 .14 0.1112 99~82 
I 
(as KCl0 4) I 0. 11 76 0,1175 99.91 i 
I 
I 0.1072 0. 1 071 99.91 
' I 
I 0 ~ 1205 061202 99.75 
Gravimetric I 0. 06.27 0.0638 101.7 
I 
I {as ni tron I 0.0573 0.05.76 I 100.5 I 
I !perchlorate) 0.0939 I 0.0940 100.1 I 
' I 
! ! 0.1174 I 0,1177 100.2 ' i 
Table 16/ ••. 
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Table 16 
Analysis of stannic chloride 
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SUMMARY 
Studiee of the reaction between silver perchlorate 
and stannic chloride in the absence of water revealed that 
the main product was stannic perchlorate. When benzene and 
ether were used as solvents, side reactions also took place 
and led to the formation of a complex mixture, the composition 
of which depended on the relative quantities of silver 
perchlorate and stannic chloride originally used. A pure 
sample of stannic perchlorate was isolated when stannic 
chloride was distilled in vacuo through a plug of solid 
silver perchlorate. 
The investigation of the reaction in benzene 
showed that, after stannic chloride had been added to a 
solution of silver perchlorate, the mixture, at the end of 
the reaction, consisted of three phases, the benzene phase, 
an immiscible liquid phase, and a solid phase. . The 
immiscible liquid contained the principal products of the 
reaction and was accordingly more thoroughly studied than 
the other two phases. It was found that benzene and stannic 
perchlorate were always present in this liquid, while stannic 
chloride and free perchloric acid were only found when excess 
stannic chloride was used. In the presence of excess silver 
perchlorate this reagent was also found in the liquid phase. 
Although( •.. 
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Although there were indications that some organic compound 
formed in the reaction, no such compound could be isolated. 
As analytical investigations only succeeded in 
proving that the immiscible phase was a mixture of 
compounds, attempts were made to deduce the course of the 
reaction in benzene by determining the quantities of 
reagents removed from the benzene phase. These attempts 
showed that the number of moles of silver perchlorate 
removed from solution, per mole of stannic chloride (the 
reaction ratio) varied continuously and depended on the 
number of moles of silver perchlorate originally mixed per 
mole of stannic chloride (the initial ratio). The 
variation was considered to be due to the solution of 
unreacted reagents in the immiscible liquid layer. It 
was, however, deduced that both silver perchlorate and 
stannic chloride were completely removed from solution when 
these two reagents were originally mixed in the molar ratio 
of 4: 1. It was therefore concluded that stannic 
perchlorate was the main product and the reaction could be 
represented by the equation 
Snc4 + 4AgClo4~ Sn(Clo4)4 + 4AgCl. 
Certain indications that stannic perchlorate 
decomposed in the presence of the solvent and excess stannic 
chloride, were obtained when the reaction in benzene was 
studieq/ ••• 
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studied, These indications were corroqorated by similar 
indications in ether when samples, in which the ratio of 
perchlorate to tin were as high as 32.4 to 1, were isolated 
by distillation. As a result of these indications it was 
decided to avoid the use of solvents in the attempt to 
isolate pure stannic perchlorate. 
In the absence of solvents, reaction was effected 
in vacuo by distilling stannic chloride vapour through a plug 
of solid silver perchlorate, Reaction took place on the 
available surface of the solid, and, once this surface had 
been covered with silver chloride, no further r eaction could 
take place. As a result, the yield of pure stannic 
perchlorate was very small. The separation of the pure 
material from a large excess of unreacted stannic chloride 
was possible, however, by very slow distillation with a 
small temperature difference between the distillation and 
the receiver tubes. 
Pure stannic perchlorate was found to be a 
crystalline compound with an appreciable vapour pressure. 
The crystals formed as longt colourless n.eedles from a 
solution of stannic perchlorate in stannic chloride when the 
latter was slowly removed, in vacuo, by distillation. Care 
had to be exercised in handling pure stannic perchlorate, 
because of its highly explosive nature. In view of its 
higr/ •.• 
high volatility and explosive nature 1 t was Cv:->.ni.dered 
likely that stannic perchlorate was a covalent compe1md. 
Since it was essential to work with small amounts 
of material it was necessary to develop appropriate 
techniques to analyse such smail quantities. 
Tin was determined polarographically, while the 
microdiffusion technique was successfully applied to the 
determination of chloride. A new method for the micro 
determination of perchlorate by an indirect titration was 
developed with partial sudcess. Although certain 
difficulties in the procedure remain to be solved, the 
method could be relied upon to give results with an accuracy 
of better than 2%~ 
A P P E N D I X 
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[U>PENDIX 
After the completion of the work described in 
this thesis, the following note was published by 
S chmei sser( 90 ) . 
Investigations with silver perchlorate lead to 
a series of new reactions. Silver perchlorate reacts 
with silicon tetrachloride according to the scheme:-
with the formation of a highly explosive volatile liquid, 
silicon perchlorate, which may be distilled i n vacuo 
at room temperature and which can undergo r eactions 
of the type 
Si(Clo4)4 + 2Mg(Et) 2 - SiEt4 + 2Mg(Cl04)2 . 
This reaction of halide with silver perchlorate is 
of general application, as was shown by a large number 
of cases explored. [It may be used] for the preparation 
of perchlorates of different non-metals, metals or acid 
halides. It was found that reaction was quantitative 
and the respective perchlorates formed by the reaction 
between silver perchlorate and the following chlorides, 
could readily be separated:-
BClf ... 
BC1
3 SiClLt FC13 
s2c12 CH3COC1 
AlCl3 GeC14 POC 13 SC12 c6H5COCl 
SnC14 SOC12 
TiC14 SO ~C l2 
Although t his note refers specifically to the 
preparation of silicon perchlorate, it may be inferred that 
the case of st annic perchlorate follows similarly. it is 
of i nteres t to note that the author found the product to be 
highly explosive and volatile, which is in agreement with 
the findings of this thesis. It is to be r egr e tt ed that 
Schmeisser did n ot describe, at least i n outline, the methods 
he used to prepar e the perchlorates. It is, however, 
satisfactory that the properties of stannic perchlorat e and 
its preparation by t he r eaction between stanni c chloride 
and silver perchlorat e as de scribed in this the sis are 
independently conf irmed. 
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